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CHAPTER I 


INTRODUCTION 


The teachers and educators of the last century were of 
the opinion that the objectives of education could be achieved 
only by those who had the opportunity to attend schools. It was 
taken the moral failure and lack of effort on the part of an 
individual who could not ?3Chieve these objectives. A change took 
place in the objectives of education with the dawn of movement in 
mental measurement during the first two decades of present century 
This made the teachers to believe that the students differ in 
their potentialities to learn and all pupils cannot achieve all 
objectives to the same degree. As a result of it the practice of 
grading on the curve got firmly established. This was supported 
by the researches in the field of individual differences. The 
normal curve is a result of random process# but since education 
is a purposeful activity where we expect the students to have 
learnt what is taught# the learning outcome must be better than 
a normal curve. Conversely# it may be safe to assume that if the 
learning outcome is normal or close to normal curve# our 

v 

educational efforts are unsuccessful, 

Glasser has been forthright in his charge that the 
schools cause the * failure. in the introduction to his well,-known 
Schools without failure .{he remarks: ' 
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"Much has been written on the difficulties of improving 
education in central city. From personal experience, I 
believe that moat people who write about these schools 
have not raised the critical issue. They have been so 
obsessed with the social, environmental, and cultural 
factors that they have not looked deeply enough into the 
role education itself has played in causing students to 
fail, not only in the central city but in all schools. 
Vary few children come to school failures, none come 
labeled failures; it is school and school alone which 
pins the label of failure on children". 


Bloom (197l n ) is not incensed and angry as Glasser, but his 
conclusions are the same : 


In school, the likelihood is that each student will be 
judged many times each day in terms of his adequacy 
relative to others in his class* or school. No matter 
how well he does, if others do better, he must come to 
know it and place hirnself accordingly. 

We do not know what level of objective success or 
failure will be interpreted by the individual as success 
or failure. But, in general, we believe that to be in 
top third or top quarter of his class group (Grades A and 
B) over a number of years in a variety of school subjects 
is likely to be interpreted by the student as adequate or 
success. Also, we believe (that) to be in the bottom 
third or quarter of his class group (grades of D and F) 
over a number of years must leave the individual with a 
negative self-view-at least in the academic area. 


In the last century, Maria Montessori had claimed that 
her duli children, through education became capable of competing 
with the children of the previledged. However, except a few this 
claim was rejected by all* Then late in this century, international 
studies began to appear indicating that children in some countries 
showed very low failure rates, even in subjects such as mathematics 
that were believbd to be beyond the ability of many children. The 
study of Husen (1967) is an example of such an enterprise. The 
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evidence that accumulated slowly become almost over whelming 
that most school failure had nothing to do with any genetic 
inferiority of the children. Failure could be a product of many 
circumstances in the environment over which some control could 
be gained. Failure in the school was# therefore# said to be 
unnecessary and it was suggested that common objectives of 
elementary and secondary schools could be achieved by most children, 
Skinner ( 1959 ) suggested that objectives of education could be 
achieved by most children# if educational planning and teaching 
were modelled according to the principles of operant conditioning. 
Mager ( 1962 ) followed the suggestion of Skinner ( 1959 ) and proposed 
that educators should aim at achieving 90 per cent of objectives in 
90 per cent of children. Carroll’s ( 1963 ) model of school learning 
proposed that each student could master a given topic if he was 
provided the time he needed to learn. 

The basic idea that most students can learn what the 
schools have to teach - if the problem is approached sensitively 
and systematically - is very old one. It has been central in 
tutoring of students from several decades. It has been well 
understood by parents (in many historical periods) who find ways 
of helping their children when they have difficulty with particular 
aspects of school work. This idea in various forms was emphasized 
by Jesuit schools before the 17th century# by Comenius in the 
17th century# Pestalozzi in the 10th century and Herbert in the 
19th century. In the 20th century# Washburne (1922) and his 


I# 





4 


Winnetka plan and Morrison (1926) at the University of Chicago 
Laboratory School provided school situations where mastery of 
particular learning tasks rather than time spent was the central 
theme. 

A modern approach , to the notion that most students 
can learn what the schools have to teach, has been developed 
under the rubric of mastery learning. The mastery learning: 

i. starts with the assumption that almost all students can and 
will master a great deal of what they are taught in school if the 
instruction is approached systematically, if the students are 
helped when and where they have learninq difficulties/ if they 
are given sufficient time to achieve mastery; 

ii. gives the learner the idea of where he is going (terminal 
behaviour), makes the learner understand the nature of the task 
to be learnt and the procedure to be followed in learning; 

iii. is designed so that as many students as possible can 
achieve the objectives of education to the appropriate level and; 

iv. grades each student on whether he has or has not achieved 
the course objectives to the appropriate level rather than how 
well he 'has achieved them relative to his peers (Block-1974), 

Bloom (1971b) proposed that about 90 per cent of 
children could be expected to master most school subjects, 
conceding that about 10 par cent might have problems preventing 

them from accomplishing what the other children accomplished, 

* r 1 ** / 
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Bloom algo made another point of great importance that the 
children do differ in the time they require to achieve particular 
goals. One child might take as long as another to achieve a 
particular objective, but he could get these just the same. In 
the lock-step system of education in which each child is given 
the same time to achieve each objective, may fail simply because 
they are not allowed enough time to accomplish the tasks and 
goals set. The implication is that some children could skip 
through twelve grades of schooling in perhaps four or six years, 
but others might take fourteen. 

1-1 MASTERY LEARNING STRATEGIES 

In the mastery learning strategies the major concern 
is to discover methods and materials to help the largest proportion 
of students to reach a high level of achievement or mastery. 

Block (1971) has laid down following suggestions for implementing 
mastery learning: 

i. Mastery learning is probably most effective when the 
learner can start learning for mastery in the elementary phases of 
the subjects. This poses no problem since despite their college 
age, new students have mastered very little of the school 
curriculum; 

4 

ii. Mastery learning works best with subjects which are 

sequentially learned, such as reading and mathematics. Such 
subjects make maximum use of the idea that the learning of complex 
behaviours depends bn t£h% sequential learning of less, complex 
behav i o w r ii . ( ■ ■ ■ ». 
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iii. Mastery learning demonstrates its potential most vividly 

in subjects emphasizing convergent rather than divergent thinking, 
it shares this characteristic with other approaches emphasizing 
behavioural objectives. If teachers can define a finite set of 
ideas to be mastered and can specify the criteria for attainment, 
the outcomes of mastery learning are likely to be more advantageous; 

iv. An absolute standard must be set for mastery. Teachers may 
set this standard by defining an objective competency that 
represents mastery or by transferring existing standards to the 
mastery situation; 

v. Formative evaluation is of critical importance in mastery 
learning. Short instruments testing the skills that students 
must learn from a given unit should be used to frequently provide 
feed back on progress; 

vi. Diagnoses must be made through the formative tests and 
appropriate "correctives" or prescriptive assignments given so that 
students can profit from their errors and; 


vii. Students need to be oriented to mastery learning. Many new 
students are convinced that they cannot learn to high levels of 
attainment, and they feel that attempting to get an A grade is 

i 

futile and ridiculous. Plenty of time should be given in the 
very beginning to orientation, encouragement, support, and positive 
evidence of learning success. 


1-1.1 Variables for Mastery Learning 

Bloom et al. (1^71) have described the following five 


variables Which all ma'sfcery learning strategies take, Irifco 
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in some way: 

1 -1.1 (a) Aptitude for P arti cular Kind s of Lear ninq 

The individuals differ in their aptitudes for particular 
kinds of learning and a number of instruments have been developed 
to measure these differences, it is believed that if same 
instruction (in terms of amount and quality of Instruction and 
learning time allowed) is given to a large number of students , 
there is a high correlation (r = + 0.70 or higher) between aptitude 
and achievement. This led educators to believe that high level of 
achievement can be expected only from students of high aptitude. 

The aptitude, according to Carroll (1963), is the amount of time 
required to attain mastery of a learning task. The learning to 
mastery is theoretically available to all students If we can find 
means to help each student. Some students can attain mastery in 
a short time while others will take much longer time (Atkinson,1967; 
Glaser# 1968). Thus in mastery learning strategies# such kinds 
of materials and help is given so that the student does not take 
prohibitively long to master the learning task. Although aptitude 
changes can be brought about by appropriate environmental condition 
at home and school (Bloom, 1964; Hunt, 1961), the mastery learning 
strategies are devised so that the students learn the material 
to the mastery level regardless of whether such changes in 
aptitude are brought about or not. 
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1-1.1(b) Quality of instruction 

In schools generally the instruction is given to the 
students in large groups consisting of about 50 or more students. 
Different students may need very different types and qualities of 
instruction to attain the mastery of the same content. The same 
content and objectives of instruction may be learned by different 
students as the result of very different types of instruction. 
Carroll (1963) defines quality of instruction in terms of the 
degree to which the presentation, explanation, and ordering of 
elements of the task to be learned approach the optimum for a 
given learner. Learner's individual differences demand that if 
a large number of students are expected to reach mastery level, 
instruction must be geared to the needs and characteristics of 
individual learners rather than group of learners. In addition, 
some students will need more concrete instructional cues, more 
drill, and more positive reinforcement than others. It may be 
ideal to give some kind of tutorial help to the students. 

1-1.1(c) Ability to Understand Instruction 

The ability to understand instruction may be defined as 
the ability of the learner to understand the nature of the task he 
is to learn and the procedure he is to follow in the learning of 
the task, in the schools, the ability to understand instruction 
Is mostly determined by verbal ability and reading comprehension 
of the students. These two measures of language ability are highly 
correlated with achievement. It is suggested that verbal ability 
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determines some general ability to learn from teachers and 
instructional materials. Individual's verbal ability can be 
altered more easily at the pre-school and elementary levels with 
less and less change being likely as the student gets older 
(Bloom, 1964). Among the methods used to enhance such abilities 
are small group ( 2 to 3 students) or individualized study 
sessions and availability of alternative reading resources. In 
small group or individualized study session, each student is given 
the opportunity to expose his learning problem and to have them 
corrected without demeaning himself or elevating others. The 
availability of alternative learning resources assures the student 
that if he cannot learn by one method other alternatives are 
available. Work book and programmed instruction units may be 
especially helpful for some students who need smaller steps, more 
drill, and frequent reinforcement. The teacher should come to 
recognize that it is the learning which is important# and the 
alternatives exist to enable all or almost all the students to 
learn the subject to a high level, 

1-1.1(d) Perseverance 

, Perseverance is defined as the time the learner is 
willing to spend in learning. This time depends on student's 
interest in and attitude towards learning. All the mastery 
learning strategies demand that the student be willing to spend 
in learning the time he needs to master the given task* Students 

do different learning tasks with different perseverance largely 

i ^' 

' > 1 V «[' 

- > t # , V' 
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because of their previous learning experiences in similar tasks. 
Successful learning experiences and more frequent rewards tend to 
increase perseverance. 

1-1.1(e) Time allowed f o r Learning 

Even today most of the schools follow a rigid time 
table and allow a fixed time for learning a task which is likely 
to be too long for high aptitude students. Carroll's basic 
assumption is that aptitude determines the rate of learning, and 
that most students can achieve mastery if they devote the amount 
of time needed to the learning. This implies that the student 
must be allowed enough time for the learning to take place. In 
order to master a given task same students may have to spend six 
times as much time as others. But if both the instructor and the 
student use time more effectively this ratio can be cut to 
perhaps three to one. Ail mastery learning strategies find ways 
to provide the time needed for each learner to attain mastery 
level. This learning time if found too long, could be altered by 
improving learner's ability to understand instruction, quality of 
instruction and aptitude. 

• Several mastery learning strategies have been developed 
taking into account ways of optimizing the above five variables# 
Keller's Personalized System of Instruction (PSI) is one of these 
strategies. It has evolved from the field of psychology and hag 
its major impact on the thinking of university and college 
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educators. The other is Bloom's Mastery Learning Strategy or 
Learning for Mastery (LFM). This has evolved from the field of 
education and had its major impact on the thinking of elementary 
and secondary school educators, 

L-2 PERSONALIZED SYSTEM OF INSTRUCTION (PSI) 

Personalized system of Instruction (PSI) was first 

described by Fred 3.Keller in his article '’Good Bye, Teacher. 

it is an individually based, student-paced approach to mastery 
instruction where in students typically learn independently of 
their classmates. It is designed for use in situation where the 
time available to students for Instruction in a given subject is 
relatively fluid and unrestricted. 

The basic features of the movement of b.f. skinner's 
operant conditioning and its application in programmed instruction 
as summarized by Hartley (3974) are that: 

i. the learner should be given some clear idea of where he 
is going i.e,, the terminal behaviour; 

ii. the instruction leading to this behaviour must be 
sequenced into small steps; 

ill. the 1 learner should work on each step alone and at his 
9$r own pace; 

iv, at each step the learner should be encouraged to actively 
respond; and 
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v. the learner should receive immediate knowledge of results 
concerning the correctness or appropriateness of these 
responses. 

However, programmed Instruction movement encountered 

some real problems in implementing these features in the classroom. 

The features were geared for teaching individual learners and not 

group of learners. The small steps uia not correspond to the 

way subject matter was classroom taught (large steps). Most 

important is the ignorance of personal social element in classroom 

teaching. Keller and his associates geared the iaeas of SKinner 

to the teaching of whole classes. The size of the steps to be 

taught for mastery was expanded to make these more school like. 

Keller and his colleagues added a personal-social aspect tD their 

instructional programme. Student proctors were used to provide 

immediate feed back to learners regarding the adequacy or inadequacy 

of their learning. This became an approach of instruction in 

which the role of teacher was converted from dispenser of 

information to the engineer or contingency manager of all student's 

learning. The result of these modifications was the novel 

approach to programmed instruction which is now called Personalized 

♦ 

System of Instruction (PSI). The essential features of PSI approach 
as summarized by Keller (196B) are as under s 

1. the go-at-your-own-pace feature, which permits a student to 
move through the course at a speed commensurate with his 
ability and other demands upon his time? 
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ii. the unit-perfection requirement for advancement, which 
lets the student go ahead to new material only after 
demonstrating mastery of that which preceeded it; 

iii. the use of lectures and demonstrations as vehicles of 
motivation, rather than sources of critical information; 

iv. the related stress upon the written work in teacher-student 
communications; and 

v. the use of proctors, which permits repeated testing, 
immediate scoring, almost unavoidable tutoring, and a 
marked enhancement of the personal-social aspect of the 
educational process. 

Sherman (1974) further added a sixth feature to the list 
as described by Keller: the feature is no penalities for errors 
in learning. 

1-2.1 Conceptual Framework of P3I 

Keller and Sherman (1974) described the conceptual frame 
work of Personalized system of instruction as under : 

1-2.1(a) Defining Mastery 

* 

, The instructor who wishes to use a PSX approach begins 
by sub-dividing his whole course into a series of teaching-learning 
units. Each unit typically covers about a week's worth of material 
Then the course objectives to be mastered in each unit are 
determined. The instructor decides on his course grading policy. 





particularly whether or not he will give a final examination or 
supplemental work. If he decides not to give a final examination 
each student's grade will be determined by his cumulative unit 
performance, that is, a certain number of units mastered earns 
an A. However, if the instructor decides to give a final examination 
or supplemental work, then a small part (usually 2 5% ) of each 
student's grade will be determined by his performance determined 
by his cumulative unit performance. Either way, the student's 
final grade will be based on his actual accomplishme nts rather 
than on his effort. 

1-2.1(b) Planning for Mastery 

The instructor then develops materials for teaching each 
unit., First, he develops a written study guide through which all 
students can be initially exposed to the unit's material. This 
guide consists of an introduction, a statement of objectives, 
studyquestions and suggested study procedures. The study procedures 
and questions are keyed primarily to the course textbook or books. 

Second, he prepares simple feed back/ correction 
procedures for each unit. A set of parallel - form of tests over 
the unit's objectives is developed. These tests provide information 
to the student and his proctor about how the student's learning is 
progressing as a result of completion of the unit's study guide. 
Moreover, they provide the opportunity for repeated testing of the 
student whose initial unit learning is below the mastery level. 

Once these tests are constructed, the instructor sets a unit mastery 
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performance standard which students are expected to achieve 
on atleast one of the forms (usually 90% or more correct). 

Finally, he prepares a set of proctor materials which suggest 
procedures for correcting the learning problems of those students 
whose unit test performance is below mastery level. These procedure 
provide the student with more practice of unmastered material in 
the unit study guide. Typically, they entail restudy or proctorial 
tutoring over particular portions of guide. 

Third, the instructor develops a written course policy 
statement. This statement serves to orient students as to how 
they are expected to learn the course materials and to what level 
they are expected to learn it. 

1-2.1(c) Teaching for Mastery 

On the first day of the class the instructor hands out 
the course policy statement and may also give a brief account of 
the basic features of PSI and the benefits students can expect 
from this teaching strategy. Each student is then free to proceed 
through the teaching learning units at his own pace, until he has 
mastered enough units to earn an A or until the Instructional time 
expires. 

» 

The student begins his study of the first unit by 
following the procedures outlined in the unit's study guide. At 
the completion of his initial attempt to learn the unit's materials 
he approaches his "proctor" and is given one of the unit mastery 
tests. This proctor may be an advanced student or, classmate . 
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On the completion of this form, the student turns it into the 
proctor for immediate correction. 

If his performance is judged to be at or above the unit 
mastery standard, he is commended by the proctor and passes on to 
the next unit. If. not, he is required to use the unit's 
correctives to restudy the unmastered material before returning 
for retesting. After completing this review, the student returns 
to the proctor for another form of the unit test. If his test 
performance is now upto the standard, he is commended and passed 
on to the next unit. If not, he continues to restudy. This testing 
restudy, retesting cycle continues until the student demonstrates 
mastery on one form of the unit's test. He too then passes on to 
the next unit. 

1-2.1(d) Grading for Mastery 

Finally, the student is given the final examination, if 
any. He is graded according to the present course-grading policy. 
Thus his grade depends solely on his own accomplishments rather 
than on the accomplishments of his classmates. 

1-3''BLOOM' S MASTERY LEARNING STRATEGY 

-- 

> Bloom's Mastery Learning Strategy or Learning for Mastery 
(LFM) is a group-based, teacher-paced approach to mastery 
instruction wherein students learn, for the most part# co-operative] 
with their classmates. It is designed for use in situations where 
the instructional time available to students in a particular subject 
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Is relatively fixed and restricted. However, it can easily be 
adopted to an individually based, student-paced approach for use 
in situations where the instructional time is more fluid and 
unrestricted. 

The theoretical basis for the strategy was provided by 
a conceptual model of school learning developed by John B. Carroll 
(1963, 1965), Carroll's model proposed thrt if each student -was 
allowed the time he needed to learn the subject to some criterion 
level, and if he spent the necessary time to do this, then he would 
probably attain that level. However, if the pupil were not allowed 
enough time or did not spend the required time, then the degree 
to which he would learn could be expressed as follows: 

Degree of School Learning = f 

Thus the degree of school learning would be a function of time 
the student actually spent in learning relative tD the time he 
needed to spend, 

Carroll believed that in the school situation the 

"time spent" and the "time needed" were influenced not only by 

characteristics of the learner but also by characteristics of his 
\ 

instruction. He believed the time spent was determined by student's 
perseverance, his opportunity to learn, or the time he needed to 
learn. The student's perseverance was defined as the amount of 
time the student was willing to spend actively engaged In learning 
and opportunity to learn was defined as the classroom time allotted 

i 

to learning. 


o 


Time 


Time 


Spent ^ 
Weeded/ 
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The time needed was determined by the student's aptitude 
for the subject, the quality of his instruction, and his ability 
to understand this instruction. Aptitude for the subject was 
conceived as the time he would require to learn the subject 
matter under ideal instructional conditions. The quality of 
student's instruction and his ability to understand that instruction 
were conceived as interactively determining the additional time he 
would require to learn the subject matter less than ideal conditions 
The complete Carroll model of school learning can be represented 
as follows: 

Degree of School Learning = f 


( Time 3pe nt j 
V^Time Needed / 


= f 


Time willing to spend or time allowed _j 

Time required (subject matter) + Time required(lnstruction) 


= f 


Perseverance or opportunity to learn 


Aptitude + Quality of 
Instruction 


Ability to Understand 
Instruction 


Thus, the degree of school learning of a given subject 
depends on the student's perseverance or his opportunity to learn 
relative to his aptitude for the subject, the quality of his 
Instruction, and his ability to understand this instruction. 

Bloom (1968) transformed this conceptual model of school learning 
into a working model for mastery learning. Some of the basic 
features of this strategy as summarized by McNeil (I960) are 
given as under : 
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i. the learner must understand the nature of the task he is to 
learn and the procedure he is to follow in learning it; 

ii. formulation of specific instructional objectives for the 

learning task is important .; 

iii. it is useful to break a course Dr subject into small units 
of learning and to test at the end of each unit; 

iv. the teacher should provide feed back on the learner's 
particular errors and difficulties after each test; 

v. the teacher must find ways to alter the time some individuals 
need to learn; 

vi. it may be profitable to provide alternative learning 
opportunities and; 

vii. student effort is increased when small groups of two or 

three students meet regularly for as long as an hour to review 
their test results and to help one another to overcome the 
difficulties identified by means of the test. 

1-3.1 Conceptual Framework of Bloom's Mastery Learning Strategy 

According to Block and Anderson (1975) the conceptual 

frame work of Bloom's mastery learning strategy may be put as under 

1-3.1(a) Defining Mastery 

The teacher who wishes to use LFM approach begins by 

formulating what he means by "mastery" of his subject. First, 
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he defines what all students will be expected to learn by 
formulating a set of course instructional objectives. Second, he 
prepares a final or "summative 11 examination over these objectives 
and determines what level or course mastery performance standard 
all students will be expected to achieve on this examination. 
Third, the teacher breaks the whole course into a sequence of 
smaller learning units, each covering about weeks worth of 
material. Fourth, he determines the course objectives to be 
covered in each unit. 

1-3.1(b) Planning for Mastery 

The teacher now plans Instructional procedures to help 
each student master the course objectives in each unit. First, 
he plans, how he will Initially present each unit's material and 
involve students in its learning. He is encouraged to plan Dn 
using his customary group based teaching methods. 

Second, he develops "feed back/ correction" procedures 
to be used at the close of each unit's initial instruction. He 
constructs a brief, diagnostic-progress or formative "test" over 
the unit's objectives. He also specifies a score or performance 
standard on this test, typically 80 to 90 per cent correct/ which, 

v 

when met, will be Indicative of unit mastery. 

Third, he develops a set of alternative instructional 
materials and procedures or "correctives" keyed to each item on 
the unit's formative test. These correctives are designed to 




reteach the material tested by each item, but in ways that differ 
from the unit's initial instruction. They typically consist of 
small group study sessions, individual tutoring, or alternative 
learning aids such as different textbooks, work bonks, and 
audiovisual materials. Hence, if a student encounters difficulty 
in learning certain material and his formative test performance 
is below the unit mastery standard, he will be able to explore 
alternative ways of learning the unmastered material and to select 
those best suited to his individual requirements. 

l~3.1(c) Teaching fcar Mastery 

The teacher is now ready to teach. Since students are 
not accustomed to learning for mastery or the notion that all 
might earn A's, the teacher spends some time at the outset orienting 

i 

his students as to what they ere expected tD learn, how they are 
generally expected to learn, and to what level they are expected 
to learn. 

Following this orientation period, the teacher teaches 

the first learning unit, using his planned initial teaching methods. 

When this instruction has been completed, and before moving to the 

next unit, he administers the unit's formative test. Using the 
\ 

test results, he certifies those students who have achieved the 
unit mastery standard and identifies those who have not. The 
former students are free to engage in enrichment activities and 
to serve as tutors for their slower classmates; the latter are 
asked to use the appropriate correctives to complete their unit 
learning. 
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The teacher then announces when the Initial instruction 
for the next unit will commence, and both sets of students are 
given responsibility for making use of opportunities provided. 

If the teacher desires to postpone the start of the next unit, 
the students are given in class as well as out of class time 
to discharge their respective responsibilities. If he does not 
do so, then they must use out-of-class time. 

The teacher repeats this cycle of initial instruction, 
diagnostic - progress testing, and certification or individual 
correction, unit by unit, until all units have been taught. He 
paces the cycle so that he covers just as much material as he 
wcxild ordinarily Cover with traditional methods in the calendar 
time he has available for Instruction. This helps in ensuring 
that all students, the "faster" as well as the "slower", are 
exposed to as much material as they would ordinarily encounter. 

The teacher has two pacing options. If all the student 
enrichme nt/tutoring or correction responsibilities are to be 
discharged outside of class, then he may pace his instruction as 
usual. However, if some or all responsibilities are to be 
discharged in class, the teacher can adjust the pace of his 
instruction, allowing more time for the early units and less 
time for the later ones. Essentially, he borrows time that 
would ordinarily be spent on later units and spends this time 
on the earlier units. The assumption is that the additional 
time spent early will be made up later; students who learn 
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for mastery at the outset of a course should learn more 
effectively and efficiently than usual as the course proceeds. 

1-3.1(d) Grading for Mastery 

The teacher finally administers the course final or 
summative examination and awards A's or their equivalent to 
all students whose test scores are above the course mastery 
performance level. Those students who score below this level are 
awarded grades appropriate to the level they have achieved. 

This grading procedure places each student in competetion with 
himself and the material to be learned for an A grade, rather 
than in competetion with his classmates. 

1-4 RETENTION 

Retention is one of the major elements allowing us 
to function as superior beings. Gerard (1953) has made the point, 
that in the absence of memory, there is no past, no intelligence 
in the sense of benefitting by experience, and life becomes only, 
"a tale told by an idiot, full of sound and fury, signifying 
nothing". Edwards and Scannell (1975; p.315) are also of the 
view that intelligence lets us acrue the information necessary 
for thought, while retention helps us to establish relationship 
with other events and transfer these to new situations. 

Retention refers to the amount of material remaining 
over a period of time, while forgetting relates to the amount 
of material lost over a period of time. The total learning . 
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as pointed out by DeCecco and Crawford (1977? p.214), equals to the 
amount of material retained plus the amount forgotten. Deese 
(1958) considers learning and retention as simply different views 
of the same problem. Tf there were no retention, there could have 
been no learning. The practical distinction between learning 
and retention stems from the difference in the time at which the 
performance is measured. The measures of learning describe the 
rate at which associations are formed and responses build upto 
adequate strength; measure of retention show how lasting the 
associations are, and what the changes in response strength are 
after a period of time. 

Measurement of retention is approached through 
performance on k delayed test. The differentials in the amount 
of material learned and retained after sometime are obtained 
through the strategy of a pretest which establishes the initial 
or basal level of the learner. Taking this as a point of reference, 
gains are computed both in regard to the scores on the immediate 
post test and those on the delayed test. The comparison of the two 
kinds of gains then provide a direct measure of differentials in 
the amount of material learned and retained over a specific time, 

i 

1-5 THE PROBLEM 

Much of the school learning is cumulative in the sense 
that those things the student has learned at one point must often 
be used to learn new things at some future points.Browne 11 (1948) 
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pointed out that if a student has learnt the material well once, 
it will not be necessarily at his disposal when needed later. 

Spitzar (1939), Sones and Stroud (1940), Morse and Wingo (1970), 
and Edwards and Scannsll (1975; p. 307) are of the view that well 
organized reviews following learning of the material help to 
retain what has been learned. When a review is given sometime 
after the original learning, it could take the form of a test and 
will help retention (Stephens and Evans, 1977). Retention of 
material once learned helps the individual in learning the new 
material. The important criterion by which to assess the effects 
of mastery approaches on student learning is retention. 

only a handful of mastery learning studies have examined 
the .question of whether mastery approaches yield greater retention 
than do non-mastery approaches. 

Corey, McMlchael and Tremont (1970); Corey, valente, and 
Shamow (1971); Austin and Gilbert (undated); and Moore, Hauck, 
and Gagne (1973) have examined the effects of PSI on student 
retention. Corey and his colleagues found that PSI yielded 
statistically greater student retention than the ordinary approach, 

Austin and Gilbert (undated) found that PSI yielded 

> 

retention scores two months after the close of the instruction that 
were 15-20 per cent higher than the scores yielded by the usual 
lecture-recitation course when individual differences in student 
learning ability were controlled. Moore, Hauck and Gagne (1973) 
on a test administered one year after the close of the instruction 
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found that students who had learned by PSI had retained a 
significantly greater amount of the course material than the 
students who had not. The average score on the one hundred and 
thirty item retention measure was 79 for PSI students and 54 for 
the control. 

Similarly, Anderson and Artman (1972); Breland and 
Smith (1974); Cooper and Grejner (1971); and Nszzaro et al. (1972) 
found scores of the group of students taught through PSI 
statistically greater than scores of the group of students taught 
through conventional method. 

Block (1972); Kersh (1971); and Romberg, Shepler, and 
King (1970) have explored the Impact of Bloom's mastery learning 
strategy on student retention. Block's finding indicates that 
there Is a linear relationship between the percentage of material 
mastered per unit and student retention as measured two weeks 
after the close of the instruction. 

In Kersh's (1971) study three classes of fifth-grade 
students coming from socio-economically advantaged backgrounds 
and two classes of students coming from socio-economically 
disadvantaged backgrounds were taught arithmatic by their regular 
teacher over a full school year using Bloom's mastery learning 
strategy. In the "advantaged" class 63 per cent of those students 
who learned for mastery achieved a score of at least 80 per cent 
correct on the year end examination whereas only 14 per cent of 
those students from the teacher's previous year's class h^j; 

i ' 1 ’ 
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achieved at the same level on the same examination. Further, 

63 per cent of the mastery learning students still earned a 
score of 80 correct on the retention test administered at the 
beginning of the sixth grade. Romberg, Shepler, and King (1970) 
reported similar results to Block and Kersh. 

Anderson (1976); Jones (1974); Wentling (1973); and 
Kaundal (1981) found scores of w the students taught through Bloom's 
mastery learning strategy statistically greater than scores of 
non-mastery group. 

Smith (1981); Walsh (1975); Rakitan (1976) and Rouses 
(1979) found in their studies that mastery learning strategies 
do not make any difference in the retention scores. 

From the perusal of the above studies, it is evident 
that some studies have been conducted to investigate the effect 
of PSI on retention and some on the effect of Bloom's mastery 
learning strategy on this variable. However, no study has been 
conducted to compare the effectiveness of Personalized system of 
instruction and' Bloom's mastery learning strategy on retention. 

In the light of this, it was thought worthwhile to undertake the 
following problem for research: 

EFFECTS OF PERSONALIZED SYSTEM OF INSTRUCTION AND 

BLOOM'S MASTERY LEARNING STRATEGY ON THE RETENTION 

OF HIGH SCHOOL STUDENTS IN A SEGMENT OF SCIENCE. 




28 


1-6 SIGNIFICANCE OF THE STUDY 

Teaching of science occupies an important place in the 
school curriculum. In view of this the Education Commission 
(1964-66) has recommended that science should be taught on a 
compulsory basis to all pupils as a part of general education 
during the first ten years of schooling. The commission further 
recommended thet there should be provision of special courses in 
these subjects at the secondary stage for students of above average 
ability. But it has been observed thct mostly the science teachers 
do not make use of proper methods and techniques while teaching 
science in schools. The main stress is laid on the memorization of 
facts, formulae and processes. It is because of these reasons 
that students develop unfavourable attitude towards science subjects 
and consequently the students achieve less marks In these subjects. 
There is a great paradox that a subject which is most logical, is 
taught in a most illogical manner. The attitudes towards learning 
and acquisition of scientific knowledge by the students in learning 
science at the school level are going to last for the whole of 
their lives. It is, therefore, imperative that in teaching science 
at the school stage correct attitudes to enquiry, learning and 
discovery, are developed by making use of new teaching strategies 
in classroom. 

India is a developing country and it is comprised of 
various states. Some of the states are backward with very limited 

f \ 1 

resources. Keeping in view the limited resources at the disposal 
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of backward states, the researchers in the field of education 
should study the effectiveness of those teaching strategies 
which involve less cost so that their use becomes practicable 
within the limited resources at the disposal of these states„ 

The use of PSI and Bloom’s mastery learning strategy in classroom 
situation, do not involve much of extra financial burden. As 
discussed earlier, these strategies make use of instructional 
materials (study guides, formative and summative evaluation) and 
indigenous organizational models which can provide better 
alternative instructional channels within our existing school 
and class structure. Thus in the Indian context, a study to 
compare the effectiveness of PSI and Bloom's mastery learning 
strategy with the conventional method of teaching would be of 
great educational significance. 

Prom the review of the studies in the context of PSI 
and Bloom's mastery learning strategy, it is evident that no 
investigation has been conducted to study the effectlvenss of 
PSI and Bloom's mastery learning strategy on the retention of 
high school students studying in the schools of Himachal Pradesh. 
However, only one study by the present investigator was conducted 
to investigate the effect of Bloom's mastery learning strategy 
on the retention. This study did not make use of PSI and therefore, 
no conclusion can be drawn to know whether Bloom's mastery 
learning strategy is more effective than PSI or vice-versa. Thus 
the results of the present study may serve as a basis of further 
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enquiry into the relative merits and role of Personalized 
system of instruction. Bloom's mastery learning strategy and 
conventional method of teaching on the retention of students. 

OBJECTIVES OF THE STUDY 

The following were the objectives of the present study: 

i. To compare immediate retention, measured in the form of 
performance on the criterion test of the three groups of 
students: one following instruction through Personalized 
system of Instruction; the second through Bloom's mastery 
learning strategy; and the third through conventional method 
of teaching, 

ii. To compare two weeks retention, measured in the form of 
performance on the criterion test of the three groups of 
students: one following Instruction through Personalized 
system of instruction; the second through Bloom's mastery 
learning strategy; and the third through conventional method 
of teaching. 

ill. To compare six weeks retention, measured in the form of 
performance on the criterion test of the three groups of 
students: one following instruction through Personalized 
system of instruction; the second through Bloom's mastery learr 
ing strategy; and the third through conventional method of 
teaching. 
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1-8 HYP0THESE5 

The hypotheses formulated and tested in the present 

study are as under: 

i. The immediate retention, measured in the form of performance 
on the summative criterion test of two groups of students: 
one following instruction through Personalized system of 
instruction and the other through Bloom's mastery learning 
strategy, differs significantly. 

ii. The immediate retention, measured in the form of performance 
on the summative criterion test of the two groups of 
students: one following instruction through Personalized syster 
of instruction and the other through conventional method 

of teaching, differs significantly, 

iii. The immediate retention, measured in the form of performance 
on the summative criterion test of the two groups of students: 
one following instruction through Bloom's mastery learning 
strategy and the other through conventional method of 
teaching, differs significantly, 

lv. The two weeks retention, measured in the form of performance 
on ’the summative criterion test of the two groups of students: 
one following instruction through Personalized- system of 
instruction and the other through Bloom's mastery learning 
strategy, differs significantly. 
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v. The two weeks retention, measured in the form of 
performance on the summative criterion test of the two 
groups of students: one following instruction through 
Personalized system of instruction and the other through 
conventional method of teaching, differs significantly. 

vi. The two weeks retention, measured in the form of 
performance on the summative criterion test of the two 
groups of students: one following instruction through 
Bloom's mastery learning strategy and the other through 
conventional method of teaching, differs significantly. 

vii. The six weeks retention, measured in the form of 
performance on the summative criterion test of the two 
groups of students: one following instruction through 
Personalized system of instruction and the other through 
Bloom's mastery learning strategy, differs significantly. 

viii. The six weeks retention, measured in theform of performance 
on the summative criterion test of the two groups of 
students: one following instruction through Personalized 
system of instruction and the other through conventional 
method of teaching, differs significantly. 

ix. The six weeks retention, measured in the form of performance 
on the summative criterion test of the two groups of 
students: one following instruction through Bloom's mastery 

A 

learning strategy, and the other through conventional method 
of teaching, differs significantly. ' \ ,.V, ;! 
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1-9 DELIMITATIONS OF THE STUDY 

I. The study was delimited to the following teaching strategies 

a. Personalized System of Instruction 

b. Bloom's Mastery Learning Strategy 

c. Conventional Method of Teaching. 

ii. The study was confined to 10th grade students of District 
Hamirpur of Himachal ^radesh. 

iii. The study was restricted to the content Heat of Science 
Book I prescribed by Himachal Pradesh Board- Df School 
Education for 9th and loth grades* 

1-10 DEFINITIONOF OPERATIONAL TERMS 

i. Personalized System of Instruction 

Method of instruction as developed by Fred S. Keller 
(1968). 

H 

II. Bloom's Mastery Learning Strategy 

Method of Instruction as developed by Benjamin 
S.Bloom (1971), 

ill. Mastery Learning 

It is the achievement of 90/90 criterion on the 
formative tests developed by the investigator himself. 

iv. Summatlve Criterion Teat 

The test^that evaluates the achievement of the 
behavioural objectives. 
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v. Retention 

The performance of the students in the form of scores 

on summative criterion test. 

a. Immediate Retenti on 

The performance of the students in the form of scores 
on the summative criterion test administered immediately 
after the completion of the content unit by a particular 1 
teaching strategy. 

b. Two Wee k s Retention 

The performance of the students in the form of scores 
on the summative criterion test administered two weeks 
after the completion of the instruction of the selected 
content. 

c. Six Weeks Re t ention 

The performance of the students in the form of scores 
on the summative criterion test administered six weeks 
after the completion of instruction of the selected 


content. 


4 
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CHAPTER II 


PREPARATION OF TOOLS 

Personalized system of Instruction (P3I) and Bloom's 
mastery learning strategy assume that virtually all students 
can master a great deal of what they are taught in school if 
the instruction is approached systematically, if students are 
helped when and where they have learning difficulties, if they 
are given sufficient time to achieve mastery, and if there is 
some clear criterion of what constitutes mastery. Consequently, 
both PSI and Bloom's mastery learninq strategy proceed according 
to the following steps: 

i. They prespecify a set of course objectives that students 
will be expected to master at some high level. 

ii. They break the course into a number of smaller learning 
units so as to teach only a few of the course's objectives 
at one time. 

lii. They teach each unit for mastery-all students are first 
exposed to a unit's materiel in a standard fashion; 
then they are tested for their mastery of the unit's 
objectives, and those whose test performance is below 
mastery are provided with additional instruction. 

lv. They evaluate each student's mastery over the course ps 

, 1 ‘ u * , 

a whole, on the basis of what the student has an£ has not 
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achieved rather than how well he has achieved relative 
to his classmates. 

Both these strategies are designed for use in the 
typical classroom situation where the teacher already possesses 
a curriculum which he must get through in a fixed period of 
calender time, where inordinate amounts of instructional time 
cannot be spent in diagnostic-progress testing, and where student 
learning must be graded. Both approaches rely primarily oh human 
beings (teachers and students) for their success rather than on 
computers and technological devices etc. Teachers are free to 
decide what goes Dn in the classroom (i.e., to set their own 
instructional objectives) and to use instructional techniques 
and materials they already possess'. Students are given some measure 
of responsibility for their learning (e.g., the selection and use 
of correctives), as well as an opportunity to teach each other. 

The teacher who wishes to use PSI approach begins by 

predefining what course objectives each student will be expected 

to master and then sub dividing these objectives into a number of 

learning units, For each unit the student is given a 'study 

guide'. When the student thinks he has mastered the unit, he 
\ 

asks hia tutor for a test which is scored immediately in the 
presence of the student. These tests include multipie-choice, 
essay, performance and oral questions. On the other hand, the 
instructor who wishes to teach for mastery using Bloom's mastery 
learning strategy begins by formulating what he means by msistsby 
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of his course. This entails the formulation of a set of 
instructional objectives that all students will be expected to 
a particular mastery performance standard by the course's end. 

Then brief, ungraded, student-scored, diagnostic-progress tests 
called "Formative" evaluation instruments for all learning units 
are constructed. The teacher teaches the first unit in the 
sequence using his usual, group-based instructional methods. 

Rather than moving on to the next unit when the first units's 
instruction is completed, he administers the unit's formative 
evaluation instrument in order to determine how each student is 
achieving. The teacher follows the cycle of group-based 
instruction, formative testing, and certification or prescription/ 
correction for each student on each unit until all the learning 
units have been completed. In both PSI and Bloom's mastery 
learning strategy the course final examination or summative 
evaluation 'instrument' is administered at the end of the 
instruction to sum up student's achievement with respect to 
course's over all objectives. 

Since the main objective of the present study was to 
compare the effectiveness of PSI with Bloom's mastery learning 
strategy' as well as with conventional method of teaching, various 
tools had to be developed. The first step was to prepare study, 
guides for imparting instruction through PSI. The development of 
the formative tests and their parallel forms of assessing the 
mastery of each unit of the course content during instruction 
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through PSI and Bloom's mastery learning strategy was the next 
step. The third step was to construct a summative criterion test 
to assess the over all performance of the student at the end of 
the instruction through different teaching strategies adopted in 
the conduct of present study. The following procedure was 
adopted by the investigator for the construction and development 
of these tools : 

2-1 PREPARATION OF STUDY GUIDES 

The course content "Heat" of the Book Science I 
prescribed for IX and X grades by Himachal Pradesh Board of School 
Education was divided into following eight units; 

Unit Number Particulars 

Unit-1 Heat, its sources, effects and temperature. 

Unit-2 Differences between heat and temperature, different 

types of thermometers. 

Unit-3 Clinical and Six's Maximum and Minimum Thermometers. 

Unit-4 Different types of scales and their relationship with 

each other. 

Unit-5 Calorimetry. 

t 

Unit-6 Calorimeter and specific heat of solids. 

Unit-7 Specific heat of liquids and precautions observed 

during finding out the specific heat. 

i 

Unit-B Numericals based on specific heat, thermal capacity 

and water equivalent. 
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It may be mentioned that the size of each unit was kept 
to such an extant that normally it could be completed within a 
period of forty minutes. For each unit a study guide was prepared 
each guide was divided into five parts which include(i)lntroductio 
(ii) Instructional Objectives; (iii) Suggested procedure for 
achieving the objectives; (iv) Suggested reading material; and 
(v) Self assessment, 

2-1.1 Introduction 

The introductory part of each study guide begins with 
a brief exposition of the course content to be learnt by student. 
It outlines the conceptual framework for better understanding of 
the material to be learnt during the course of instruction. In 
the introductory part of each study guide, an attempt was made 
to link the preceedlng unit with the present one so as to keep 
the continuity and sustain the interest of the learner. Since 
the first unit "Heat" was new to the student, the common examples 
from daily life related to the topic were selected so as to create 
interest in the students. 

2-1,2 Instructional Objectives 
Writing Objectives in Behavioural terms 

The aim of writing instructional objectives is to 
identify the end product of instruction in terms of observable 
performance. The way to determine whether or not a student has 
learnt something is to observe the outcome of his behaviour. 
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Conventionally these outcomes are Known as "behavioural objectives". 
Vargas (1972) states that a 1 behavioural objective is a statement 
of what the student should be able to do upon the completion of 
instruction. The major purpose of behavioural objectives is to 
provide clarity of intent in instruction and precision in the 
measurement of outcomes. Tyler (1949, 1950, 1964) and Gagne (1965) 
provide three persuasive reasons for writing instructional 
objectives. First, such objectives provide guidance in the 
planning of the instruction. Second, the explicit statement 
of instructional objective is of great help in the performance 
assessment. Third, the statement of objective is more helpful 
to the students than to the teachers because on Knowing before 
hand what he must learn in any given unit of instruction, he can 
better direct his own attention and efforts. 

Kibler, et al. (1981) are of the opinion that the 
instructional objectives should contain the following five elements: 

i. Who is to perform the desired behaviour (e,g., "the 
student" or "the learner"). 

ii. The actual behaviour to be employed in demonstrating 
mastery of the objective (e.g., "to write" or "to speak"). 

iii. The result (i.e., the product or performance) of the 
behaviour, which will be evaluated to determine whether 
the objective is mastered. 

iv. The relevant conditions under which the behaviour is to be 

'j ' 1 t 

performed (e.g*/"in dne-^hour quiz" or "in front of the class"). 
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v. The standard that will be used to evaluate the success 

of the product or performance (e.g #i "90 per cent correct" 
or "four out of five correct"). 

Wick (1973) employs different terminology but a similar 
format in his discussion pertaining to behavioural objective. 
According to him a behavioural objective includes: 

i. The goal which tells what the learner is to do. 

ii. The conditions under which the behaviour occurs. 

iii. The cirterion measure which identifies the instrumentation 
plan; and 

lv. The minimum acceptance level which states the lowest level 
‘of performance expected to complete goal attainment, 

Martuza (1977; p,246) points out that well formulated 
instructional objectives must provide : 

i. Clear specification of the target behaviour. 

ii. A clear specification of performance standard (or criterion 
of acceptable performance). 

iii. A description of the conditions (or constraints) which 

i 

will prevail at the times of assessment of student's achievemen 

Instructional objectives stated in specified behavioural 
terms serve the following functions: 


i. They provide direction for instructor, and clearly convey 
his instructional intent to others* . 
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ii. They provide a guide for selecting the subject matter, 
the teaching method, and the materials to be used during 
instruction. 

iii. They provide a guide for constructing tests and other 
instruments for evaluating student's achievement. 

Bloom/ et al. (1956) classified instructional 
objectives into what they call "domains"- Cognitive, affective and 
psychomotor. The taxonomy of objectives in the cognitive domain 
categorizes behaviour into six hierarchical categories from simple 
to complex. These six ascending levels are knowledge, comprehension 
application, analysis, synthesis and evaluation. 

DeCecco and Crawford (1977; p. 28) make a distinction 
between objectives stated in behavioural and non-behavioural 
terms. This distinction chiefly lies in thechoice of verbs to 
be used in stating objectives. The verbs used in hehavioural 
objectives are 'define 1 , 'write 1 , 'distinguish', 'compute' etc., 
while those used in non-behavioural objectives are 'understand', 
'know', 'appreciate' etc. 

Mager (1962) has given three requirements for writing 
a behavidural instructional objective meaningfully and fully. 
According to him a behavioural instructional objective should 
clearly identify observable terminal behaviour by name; sceondly, 
it should also describe the conditions under which this terminal 
behaviour should occur; and lastly, it should specify the criterion 
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or level of acceptable performance by describing how will the 
learner must perform as to be considered acceptable. However, it 
is not necessary that all the three requirements for writing 
a behavioural objective be satisfied in each objective. But the 
most important one is the first requirement of identifying the 
observable terminal behaviour by name in each objective. 

In the light of above suggestions, objectives on "Heat" 
were stated in behavioural terms. While writing the objectives, 
the care was taken to use the verbs so as to make each objective 
as explicit as possible. The instructional objectives 
formulated for the all eight units are as under; 

Unit-1 Heat, its Sources, effects end Temperature 

1. Define heat. 

2. List and describe the different sources of heat. 

3. List and describe the effects of heat, 

4. Define temperature. 

5. Illustrate with examples that temperature is analogue 
of water level. 

Unit-2 Differences between heat and temperature, different types 
\ 

of thermome ters 

6. Write down the differences between the heat and temperature. 

7. Write down the name of the instrument used to measure the 
temperature of a body. 

8. List the different types of thermometers. 
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9. 

10. 

11 . 
12 . 

Unit- 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

Unit 

20 . 


21 . 

22 . 



Write down the principle on which thermometer is based. 

List the reasons for using mercury in thermometers. 

List the reasons for not using water in thermometers. 

List the reasons for using alcohol in thermometers. 

•3 Clinical and Six' s M axi mu m and Minimum Therm ome ters 

Define clinical thermometer. 

Describe the construction of clinical thermometer. 

Write down the working of clinical thermometer. 

List and state the precautions to be taken while using 
clinical thermometer. 

Describe the construction of Six's maximum and minimum 
thermometer. 

Write down the working of Six's maximum and minimum 
thermometer. 

Give the application of Six's maximum and minimum 
thermDme ters. 

-4 Different types of scales and their relationship with 
each other 

List the names of the four scales of measuring the 
te mper ature. 

Write down the names of the inventors of different scales. 
Define lower fixed point in a scale. 

Define upper fixed point in a scale. 

Write down the description of the experiment to see the 
acauracy of a thermometer. 
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25. Write down the degrees of the lower fixed point and upper 
fixed point in different scales, 

26„ Write down the formulae for converting 

(a) Centigrade to Fahrenheit: 

C F-32 

100 180 

(b) Centigrade to Reaumer : 

C m _R_ 

100 80 

(c) Fahrenheit to Reaumer : 

F-32 k _R_ 

180 * 80 

27. Apply the formulae under 26 (a,b,c,) to various numerical 

problems. 

Unit-5 Calorimetry 

28. Define calorimetry and calorimeter. 

29. Describe the conditions on which the heat of a body depends. 

30. Write down the names and definitions of units of heat. 

31. Derive the relationship between calory and British thermal 
unit. 

32. Define specific heat, thermal capacity and water equivalent. 

33* Defferentiate between thermal capacity and water equivalent. 

Unit-6 Calorimeter and Specific heat of solids . 

34. Write down the description^ <5f calorimeter, 

35. State the principle of finding out the specific heat of matter. 
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36. Describe the experiment alongwith diagram to find out the 
specific heat of solids. 

37. Derive the formula to find out the specific heat of 
solids with the help of hypothetical observations. 

Unit-7 Specific heat of liquids and precautions observed during 
finding out the specific heat 

38. Describe the experiment to find out the specific heat of 
liquids. 

39. Write down the precautions to be observed while finding out 
the specific heat of solids and liquids. 

40. State at least three uses of the highest specific heat of 
water in our daily life. 

Unit-8 Numerlcals based on specific heat, thermal capacity and 
water equivalent 

41. Find out the amount of heat required when the temperature 
is raised from certain degree to another provided the 
thermal capacity of the calorimeter is known. 

42. Find out the temperature of mixture when a known amount of 
water at a given temperature is mixed with some other 
known amount of water at a certain degree of temperature. 

,43. Find out the thermal capacity and water equivalent when 
weight and specific heat of calorimeter are given. 

f ■.! 

S'44. Find out the specific heat when the given weight of copper 

t: is heated from one temperature to another. 
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2-1.3 Suggested procedure for achieving the objectives 

The third part of every study guide contains the 
instructions for achieving the objectives demarcated for the 
content of each unit. For this the students are directed to 
study the concerned pages of their text book and the reading 
material provided in the study guide. In the present case, in 
this part of each study guide the students were instructed to 
read the specific pages concerning unit' of their text book and 
reading material to achieve objectives mentioned in the second 
part of the study guide. 

2-1,4 Suggested reading material 

Since the study guide for each unit had tD supplement 
the incomplete reading material provided in the prescribed text 
book of the students, this part of the study guide pertains to 
the exhaustive treatment of the course content of the unit for 
providing the theoretical frame work. For this, due care was 
, taken to present the material of each unit in such a way to 

„ J I’ 

make it understandable and interesting to the students. The 
, investigator consulted reference books in addition to the 
i;' prescribed text book and sought the co-operation of the subject 

i t 

ft',' 

!' teachers and experts. The opinion of the language experts was also 
fraought for removing the ambiguity of the language. After this the 
Pplnal drafts of the reading material for all the eight units were 
e pared. 
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2-1.5 Self Assessment 

The fifth part of the study guide pertains to the 
evaluation of the student's performance. After studying the 
suggested reading material and relevant pages of the text 
book, each student has to evaluate himself on the basis of 
essay type questions with the help of his tutor whether he has 
mastered the material. For this essay type questions were 
prepared in congruence to the objectives and are provided at the 
end of the reading material in each study guide. In addition to 
these questions the tutor also evaluates the mastery of the 
specific unit by oral examination. 

The final drafts of the study guides prepared for all 
the eight units are given in Appendix A-l to Appendix A-8. 

2-2 FORMATIVE TESTS 

The term "formative evaluation" was first used by 
Scriven (1967) in connection with curriculum development. Bloom, 
et al. (1971; p.H7) regard formative evaluation as useful not 
only for curriculum construction but also for Instruction and 

student learning. Formative evaluation is for the systematic 

1 \ 

evaluation in the process of curriculum construction, teaching 
^ and learning for the purpose of Improving any of these three 

i/ 

%, purposes. According to Bloom et al. (1971; p. 130) the most 
Seffective use of formative evaluation is in pacing student 

learning. In sequential subjects, formative evaluation can set 
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goals for student learning as well as a time schedule for 
each unit. 

The formative evaluation helps the student by breaking 
the entire learning sequence into smaller units and by pressing 
him to make more adequate preparation while he and others are 
learning a particular unit. For students who have achieved 
mastery or near mastery of a unit of learning, the results of 
formative evaluation can serve as an effective reward or 
reinforcement. This is useful for providing the student with 
positive re i nf orcernent over small units of learning. If the 
stuuent is given a C grade repeatedly on a series of tests, he 
comes to believe that C grade is the mark he will finally receive 
in the course. The C grade student must defend his self-concept 
by investing an amount of time and effort commensurate with 
getting a C grade. The students who frequently receive c or 
lower grades on quizzes will adjust the investment iri subject so 
as to protect their ego when they finally get C grade for the 
course. They must convince themselves that it is impossible for 
them to yet higher grades and leern the subject if they don't 
really try. The student who has not achieved mastery on a 
particular formative test, may be assured of what he has learnt 
and what ha still needs to work on. 

The formative tests can be of vital Importance in 

f helping the teacher and students determine the quality of learning 

I™- 
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of summative teats time in advance of the summative testing. 
Learning is a process which can be observed and evaluated as 
it is taking place. Formative evaluation can be used to make 
the process moie effective long before the summative evaluation. 

In the present case the general principles of 
formative test construction as suggested by Bloom, et al, (1971; 
pp 118-124) were followed. The first step in the construction 
of formative tests was the selection of unit. Within a course 
or education programme there are parts or divisions which have 
separable existence ana can be considered in isolation for other 
parts for analytical purposes. In the present case the content 
on "Heat" in Science Book I for IX and X grades selected for this 
purpose was treated as an independent unit. 

The next step was to analyse the components of this 

i 

unit and determine the student behaviours or learning out comes 
related to each element of course content on "Heat". The content 
„ was classified according to some of the categories in the Taxonomy 
bf Educational Objectives# Handbook I, Cognitive Domain (Bloom; 
i, 1956). These classifications attempt to define a hierarchy of 
! levels of behaviour that relate to the difficulty and complexity 
levels of the learning process. The following levels were used 

I,' , | 

for construction of the formative tests as well as summative' 

f' * 1 

t 

‘tjrJB S t • 
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Knowledge of terms 

The "terms" are the specific vocubulary of a subject 
that the student is to learn. He may be expected to define the 
term, recognize illustrations of it, determine when the term is 
used correctly or incorrectly, or recognise synonyms. 

Knowledge of facts 

"Facts" are the specific types of information which 
the student is expected to remember. They may include dates, 
names of persons, or events and descriptions. The student may 
be expected to recall the specific bit of information, to 
distinguish between accurate and inaccurate statement of it. 

Knowledge of rules and principles 

Rules and principles bring together a large number of 
facts or describe the interrelationships among many specifics 
in such a way that the student can organize a large body of 
information in a parsimonious manner. The student is expected 
to know the rule or principle, to remember the illustrations of 
it used in instruction, to recall situation in which it is 
applicable and to remember the conditions under which it is or 
is not applicable. 

Skill In Using processes and procedures 

In this category the emphasis is on the student's being 
able to use the processes or procedures accurately. 





This category involves the transformation of a term, 
fact or rule or principle, or process or procedure from one 
form to another. The student is expected to use new illustrations 
of a term, fact,rule or other matter, and determine when a new 
illustration is an appropriate or inappropriate one for it. 


Ability to ma ke a pplicat i on 


In application the student is expected to recognize 
the essentials of the problem; determine the rules, principles 
and generalizations and so forth which axe relevant; and then use 
these ideas to solve a problem which is different from those 
previously encountered in the instruction. 

Following this pattern the table of specifications 
as presented in Table 2.1 given on the next page was prepared 
for the selected content. 


Keeping in view the table of specifications all the 
elements in each of the eight units were represented by one or 
more test items in a formative test. On the average there were 
20-25 items in each test. The parallel forms of these tests were 
also developed. The' final drafts of the formative tests alongwith 

s’ " 

i their parallel forms are given in Appendix B-l to Appendix B-16, 

I' 

1 2-3 SUMMATIVE CRITERION TEST 

A criterion-referenced test is a measuring instrument 
constructed to yield measurement that are directly interpret able 
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in terms of specified performance standards (Glaser and Nitko,1971). 
The concept of mastery or criterion-referenced test contrasts in 
many respects with that of the discriminatory or norm-referenced 
test. The purpose of the criterion-referenced test is to 
distinguish the students who have and students who have not 
mastered the essentials; while norm-referenced test is designed 
to differentiate, as much as possible, the students who have 
reached different levels of achievement. In mastery learning 
strategies the criterion-referenced tests are administered at the 
end of an educational treatment to determine whether a student 
can perform all the tasks specified in objectives of the programme. 
The following procedure was adopted in the construction of the 
summative criterion-referenced test. 



In order to construct e criterion-referenced test the 
objectives should be adequately and precisely defined (Walmslay, 
.1977; Wedman,1973, p. 6). In view of this, the objectives already 
stated specifically in the present chapter served as the basis for 


constructing test items for the preliminary draft of the test. The 

‘ table of specifications prepared in case of formative tests was 

% 

H^ept in view so that the test wj^ll measure a representative sample 
the content as well as instructional objectives. All efforts 
re made to set the aongruency between the test items and 
jectives by the investigator. Each objective was given due 
ghtage while constructing test items. At least one item 



was written for each instructional objective and in some cases, 
more items for one instructional objective, considering its 
re 1 at i ve impor t ance . 

Five types of items (True-False, Multiple-choice, 
Completion, Short answer and matching) were constructed. The 
multiple choice item are considered as the most widely applicable 
ana useful type of objective test items. Gronlund (1976,p.188) 
points out that such type of items measure a variety of the more 
complex outcomes in the knowledge , understanding and application 
areas. In the light of these advantages a weightage of 67 per cent 
was given to the multiple-choice test items in the preparation of 
the preliminary draft of the test. For each multiple-choice 
item, three relevant and effective distractors and one correct 

* 

answer were used. The distribution of different types of items 
in summative criterion test is shown in Table 2.2 that follows: 


TABLE 2.2 

DISTRIBUTION OF DIFFERENT TYPES OF ITEMS IN THE 
PRELIMINARY DRAFT OF CRITERION TEST 


Types of items 

True - 

t 

false 

Multiple 

choice 

Completion 

Short 

answer 

Matching 

Total 

Number 19 

87 

18 

3 

5 

133 

Percent 13 . 5 . 
-age 

67 

13.5 

2.25 

3.75 

100 % 
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The items of criterion test, thus prepared, were 
carefully edited and reviewed for the content relevance and 
learning outcomes, technical accuracy, and‘language, The help 
of the experts was taken up at this stage. Finally, the 
preliminary draft of criterion test was developed by arranging 
the items in different sections in respect of their formats. 
Directions were written for the test as a whole and for each 
separate item type and the procedure for recording the answers. 
Preliminary draft of the criterion test was duplicated and 
sufficient care was taken to ensure that copies were legible and 
free of typographical errors. 

2-3.2 Evaluation of the Criterion Test 

The test theory described by Gulliksen (1967) and 
Lord and Novick (I960) is valid primarily for norm-referenced 
tests. Though at present there is no comparable theoretical 
founuation for criterion-referenced 'te.sts, yet as the results 
of growing research in criterion-referenced tests increasing 
attention is being paid to the problems and difficulties which 
are encountered in evaluating the criterion-referenced tests. In 

the present study the preliminary draft of the criterion test was 

* 

evaluated in terms of the following criteria: 

i. Criterion difficulty of the test item; 

#£Li. Sensitivity to instructional effect(s); 

u 

mil. Reliability; and 
Bv. Validity. 



56 


The preliminary draft of the criterion test was tried 
out on a randomly selected sample of 25 students of Government 
High School Nalti of District Hamirpur. The test was administered 
before and after the completion of the instruction on heat by the 
investigator. Before administering the test, necessary directions 
were given to the students. For scoring one mark was awarded to 
each correct answer and zero mark was assigned to incorrect answer. 
No correction for guessing was applied since it was unnecessary 
with the typical classroom test where pupils had sufficient time 
to consider all the questions (Grnnlund, 1976,p.276). 


2-3.2 (i) Criterion Difficulty of the Test Item 


Beggs and Lewis (1975) have proposed a measure known 
as criterion difficulty of test item. It refers to the number of 
individuals who respond incorrectly to an item divided by the total 
number of individuals who respond. According to them, as the 
criterion difficulty index approaches 1, the majority of the 
students are unable to respond the item and therefore, do not 
understand the Information. As this ratio approaches zero, 
the majority of the individuals responding to item understand 


. the concept underlying the item and respond correctly. Thus, 

: ,'the index of criterion difficulty ranges between zero to one. 

. "Adopting the procedure as suggested by Beggs and Lewis (1975), 
he index of the criterion difficulty of the test item was 
omputed for the posttest scores. The obtained frequency 
lstribution and percentage of test items for various values of 


m 
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'Dc 1 have been summarized in Table 2.3. 


TABLE 2 .3 

FREQUENCY DISTRJ BUT1 ON AND PERCENTAGE OF THE ITEMS 
OF CRITERION TEST FOR VARIOUS VALUES OF 1 Dc 1 


Values 

of 1 Dc 1 


Number of 

items Percentage of 

0.00 



66 

49.62 

0.01 - 

0.10 


21 

15.78 

0.11 - 

0.20 


16 

12.03 

0.21 - 

0.30 


15 

11.27 

0.31 - 

0.40 


6 

4.55 

0.41 - 

0.50 


4 

3.00 

above 

0.51 


5 

3.75 

Total 



133 

100 ' 


Table 2.3 shows that 96 per cent of the total items 
have value of 'Dc' between 0.00 and 0.50. Only a small fraction 
of items have value of 'Dc' above 0,51. This clearly indicates 
that majority of students was able to respond to most of the items 
on criterion test after going through the instructional programme. 
Hence, the criterion test was considered satisfactory for 
measuring the performance of the students. 

2-3.2(li) Sensitivity to Instructional Effect(s) 

This measure has been developed by Gronlund (1973) to 
analyze the items of , the criterion test* The index of sensitivity 
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to instructional effect(s) indicates the degree to which an item 
reflects the intended effects of instruction (i.e, learning gains) 
occuring between the pre-and post tests. The higher the positive 
value of this index, the more sensitive is the test item to the 
instructional effect(s). Items with zero and negative values 
do not reflect the intended effects of instruction. The index 
of sensitivity to instructional effect(s) was computed by applying 
the following formula given by Kryspin and Feldhusen (1974) : 



in which 


3 a the index of sensitivity to instructional effect(s) 
= the number of pupils who got the item right after 
instruction. 


R_ = the number of pupils who got the item right before 

Ij 

instruction. 


T = the number of pupils who attempted the item both 
the times. 


The frequency distribution and percentage of items 
obtained for various values of 'S' are given in Table 2,4 on 
the next page. 




TABLE 2.4 


FREQUENCY DISTRIBUTION AND PERCENTAGE OF ITEMS 
OF CRITERION TEST FOR VARIOUS VALUES OF 'S* 


Values of S 

Number of Items 

Percentage of Items 

Below 0.50 

8 

6.01 

0.51 - 0.60 

9 

6.76 

0.61 - 0.70 

23 

17.29 

0.71 - 0.80 

39 

29.34 

Above 0.80 

54 

40.60 

Total 

133 

100 


It can be seen from Table 2.4 that most of the Items have 
value of 'S' above 0.60, Hence# from this# it may be concluded 
that criterion test was satisfactory in measuring the instructional 
effects of instruction and the items of criterion test seemed to 
be valid. After carrying out the operation of item analysis# the 
final draft was prepared and cyclostyled. The final draft of 
the summative criterion test contains 133 items. The final draft 
of the criterion test along with scoring key are given in 
Appendix C-l and Appendix C-2. 

2-3.2 (ill) Reliabllltv 

The traditional statistical procedures used for 
estimating reliability of norm-referenced tests are not well suited 
for use with tests intended to provide criterion-referenced 
interpretations (Hambleton and Novick, 1973# pp. 159-170; Gronlund# 






1976, p.121; and Martuza, 1977, pp.276-277). In a criterion- 
referenced situation, a student strives to achieve a series of 
objectives. On each objective, his achievement is assessed and 
a decision in terms of the mastery or non-mastery of the objective 
by the student is made. Since such a decision has important 
consequences for the subjects it is desirable to estimate decision 
making reliability or consistency in terms of criterion-referenced 
tests. 

Martuza (1977, pp.278-280), on the basis of statistical 
method suggested by Hambleton and Novick (1973, pp.263-267) and 
Swaminathan et al. (1974) has given a procedure for making 
decision-making reliability and sams procedure was used to estimate 
the reliability of the present criterion test. 

For estimating the reliability, the criterion test was 
readministered three days after the teaching of the topic to the 
same sample of 25 students which were used in preliminary try out. 
on the basis of these first posttest and second posttest results, 
the following four fold Table 2.5 was obtained. 

TABLE 2.5 


DECISION MATRIX ON THE BASIS OF TEST-RETEST RESULTS 

* 



ADMINISTRATION 1 



- 

• Master 

Non-master 

<*u 

Total 


.Master (A) 

(B) 


(A+B) 


1 8 

O 


8 


|Non-Master (C) 

(D) 


(C+D) 


1 2 

15 


17 

. f . , ■ v .—,,. 



[Totals (A+C) (B+D) (A+B) + (C+D). 

10 15 '2,5 
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Cell A of the Table 2.5 includes the students who were 
masters at both the administrations; cell B includes those who 
were non-master at the first occasion but master at the second 
occasion; Cell C includes those who were mcsters at first occasion 
but non-master at second occasion; and Cell D includes the students 
who were non-masters at both the occasions. 

For identifying master on two occasions of the test, 
the criterion of 80 per cent success as suggested by Tuckman 
(1979, p.117) was aimed at. In the present test of 152 points, 
a score of 121 was considered acceptable proficiency i.e., a 
student who obtained a score of 121 or more was labelled as master 
and that who scored below 121 as non-master. The test and retest 
results on the summative criterion test for determining the 
reliability of the test are given in Appendix D-l. 

; For convenience, the values in the four cells were 

j converted into proportions by dividing through by the total 

ft 

> { number of students, 25 in this case. The results are shown in 

I ' 

Table 2.6 as below: 

L TABLE 2.6 


p; ’ VALUES IN TERMS OF PROPORTIONS FOR DIFFERENT CATEGORIES 

SL 
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From the Table 2.6 two statistics 'Pi and ‘P 1 were 

0 c 

computed. The statistics 1 Pq is defined as the proportion of 
the examinees classified in the same category on both occasions 
and thus measures the degree of agreement. The other statistics 
1 is defined as the proportion for chance agreement and thus 
measures the degree of agreement uncontaminated by chance. The 
following formula given by Cohen (1960) was used to compute the 
value of 'Kappa K': 



K = - 

1 - P 

c 

where P Q = Proportion of observed agreement = (A+D) 

P c = Proportion of the chance agreements(A+B) (A+C)+(C+D)(B+D) 

Using the formula referred above, the values of P Q 
and P^ came out to be 0.92 and 0.53 respectively. Table 2.7 
summarizes the details of computation of reliability of the test 
that follows: 


TABLE 2.7 

VALUES OF DIFFERENT INDICES FOR COMPUTING 
THE RELIABILITY OF CRITERION TEST 



25 0.92 0.53 0.39 0,47 0.83 


The value of 1 P^ and 'Kappa K' are dependant on a 
number of, factors associated with the decision process. These 






63 


factors include the value of cut-off score, test length, the 
number of alternatives in the multiple-choice items and the 
homogeneity of the group of examinees in which the decisions 
concerning mastery and non-mastery are being made. A K-value 
of 1.00 indicates total goal consistency and is considered to be 
an ideal value which is impracticable to achieve because of a 
number of dependant factors referred above. In the present 
case, the value Df 'K 1 computed with the help of above formula 
came out to be 0.83. This value was considered to be satisfactory 
measure of reliability because it indicates 83 per cent of the 
decisions made on two occasions were in agreement, without 
attributable to chance. 

2-3.3(iv) Validity 

A test or test item is valid to the extent that the 

scores it assigns to the examinees are free of constant (or 

systematic) errors and, hence, the inferences based on these 

scores are justified (Martuza, 1977, p. 282). If the inference 

concerns examinee status in a well-defined domain, content 

validity is of concern; if the inference concerns examinee 

location on some hypothetical trait or construct continuum, 

\ 

construct validity is of concern; and, if the inference concerns 
examinee performance on a different test or task, criterion-related 
"^validity is of concern. Since criterion-referenced tests are 
Hsubjected to domain status or criterion-referenced interpretations. 
Bit is, therefore, desirable to evaluate such tests in te.rms of 




content validity. Popham and Husek, (1969) ;Hambleton (1972); 

Wedman (1973j p. 3) and Massick (1975) reconmend the computation 
of content validity of the criterion-referenced tests. 

The content validity of the criterion test was 
ascertained by the investigator himself by analyzing the items 
with regard to the units content and instructional objectives,. 

It was observed that item of the criterion test were distributed 
over all the units of the instructional programme and each of the 
instructional objectives. For ascertaining the content validity 
of the present criterion test, the help of subject matter experts 
was also solicited. Copies of the list of instructional objectives 
and criterion test were given to five subject matter experts. They 
were, asked to give their judgements with regard to the congruence 
of objectives and test items. They rated high the congruence 
between each objective and test item(s). 

Another content validity procedure suggested by 
Tuckman (1979, p, m ) was also applied by examining subsequent 
performance in short term. In the present case, the analysis was 
conducted in terms of 'gain 1 from pretest to posttest performance. 

A group of 25 students of X class earned a mean score of 60.84 on 

i 

the pretest. The maximum possible score on the test was 152. On 
the posttest, this group earned an average score of 106.92, 46.08 
gain over the original average. This pretest to post test gain not 
only indicated the success of instruction but also supported the 
content validity of the test. Hence criterion test was considered 
to be of satisfactory validity. 
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CHAPTER III 


METHODOLOGY AND DESIGN OF THE STUDY 


The primary purpose of the study was to compare the 
effects of different teaching strategies on retention, measured 
in the form of performance on the summative criterion test at 
different intervals, of the three groups of students. For this, 
it was necessary to construct a suitable research design for the 
testing of hypotheses. This chapter discusses the methodology and 
procedure adopted and experimental design followed for the 
verification of the hypotheses formulated to achieve the objectives. 

3-1 METHODOLOGY 

As the present study was aimed at comparing the retention, 

measured in the form of immediate and delayed performance on the 

criterion test, of the three groups of students: one following 

instruction through Personalized system of instruction; the second 

through Bloom's mastery learning strategy and; the third through 

conventional method of teaching, an experimental design was 

required to be developed. In an experiment the condition or element 
% 

which is manipulated or changed by the experimenter to determine 
its relationship to an observed phenomenon is referred to as stb 
independent variable. In the present study the three different 
teaching strategies namely PSI, Bloom's mastery learning strategy 
and conventional method were the independent variables. 
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The effectiveness of a treatment is determined by the 
attainment recorded by the subjects. The criteria by which a 
particular condition is evaluated are called dependant variables 
(Fox, 1963). The dependant variable is that factor which is 
observed and measured to determine the effect of the independent 
variable (Tuckman, 1972). 

In the present study the effectiveness of the treatments 
(teaching strategies) was determined by the scores obtained by 
the subjects on the criterion test. Moreover, in order to draw 
conclusions concerning the relationship of the independent 
variable and the dependent variable, it is necessary to 'control' 
the effects of extraneous variables. A extraneous variable is 
a variable that is not related to the purpose of the study but 
may effect the dependant variable. The term control is used to 
indicate an experimenter's procedures for eliminating the 
differential effects of all variables extraneous to the purpose of 
the study. The researcher controls, for instance, when he makes 
the groups comparable on extraneous variables that are related to 
the dependant variable (Ary et al. 1972 , p.220). 

, In the present case the intelligence of the subjects, 
their previous knowledge about the subject matter to be taught, 
were considered to be pertinent extraneous variables and, hence, 
it was thought necessary to control them by adopting the procedures 
discussed in the later part of the present chapter. 
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‘Three groups: Randomized Matched Subjects Design 1 was 
used in the present study because of its appropriateness and the 
following advantages: 

i. The design requires three equivalent or matched groups of 
subjects/ each assigned to a different condition. The procedure 
for assigning subjects to groups is to match individual subjects 
on as many extraneous variables as one can think of that might 
affect the dependant variable. If the groups are adequately 
matched on some extraneous variables, then there is even greater 
assurance that any post experimental difference can be attributed 
to the experimental treatment. 

ii. .The random assignment of members of the matched subjects to 
three groups adds to the strength of the design. The procedure of 
randomization controls for all possible extraneous variables and 
assures that any initial difference between the groups are attributed 
only to chance and therefore will follow the law of probability. 

In the words of Ary et al. (1972, p.222): 

It subjects are randomly assigned to experimental groups, 
it can be assumed that, within the limits of sampling error, 
all characteristics associated with them have likewise been 
randomized. We have statistical tests for the significance 
of experimental effects which help us to decide whether the 
observed differences among conditions are sufficiently larger 
than what would be expected from sampling error. When random 
assignment has been affected, the groups can be considered 
statistically equal in all possible ways. We can assume that 
the groups are comparable at the start o£ the study on the 
dependant variable as well as on extraneous variables. , , 

Kerlinger (1978, p.123), too has pointed out that randomization is 

the only method of controlling ail possible extrarieous variables. 




69 


iii. The matched subjects design controls pre-existing 
inter-subject differences on the dependant variable by taking its 
pretest scores into consideration. 

3.2 LAYOUT OF THE DESIGN AND THE EXPERIMENT 

The present experiment based on 'Three Groups: Randomized 
Matched Subject Design 1 was conducted on a sample of 160 tenth 
grade students drawn from Government Higher Secondary School Galore 
of District Hamirpur. The sample of 160 students was divided into 
three groups using the technique of matching and randomization. One 
group was called 'Keller group', the second 'Bloom Group' and the 
third 'Control Group'. The relevant details about the design and 
sampling are given below and on pages 71-72 of the present chapter. 


SAMPLE 

$3 


TREATMENTS 


PSI 


KELLER GROUP 
dl SUBJECTS) 


BLOOM'S MASTERY 
LEARNING STRATEGY 


BLOOM GROUP 
(jX SUBJECTS) 


CONVENTIONAL 
METHOD OF TEACHINC 


CONTROL GROUP 
(3L. .SUBJECTS) 






3-3 TOOLS USED 


In the present study, the relative effectiveness of 
PSI, Bloom's mastery learning strategy and conventional method 
of teaching was to be investigated. Hence , besides the study 
guides# formative tests and summative criterion test, the General 
Mental Ability Test by S.Jalota (1972) was used to make three 
equivalent groups on the basis of intelligence, as the general 
mental ability is highly correlated with retention (Lyon; 1961; 
Hurlock and Newmarch, 1931 and Gilbert, 1941). 

3-3.1 General Mental Ability Test 

General mental ability test by S.Jalota (1972) is a 
verbal test of intelligence in different languages including 
Hindi, which has been found suitable for the Hindi medium schools 
of Himachal Pradesh where the present study was conducted. The 
test consists of seven types of items. These are similars, opposite 
analogies, numerical series, best answers, classificatory and 
reasoning. There are hundred items in all . The duration of 
the test is 20 minutes. The specimen copy of the test alongwitb 
answer-sheet and scoring key are given in Appendix-E-!E-2,E-3. 

This test has been standardized on a population of 1341 
with mean 43.50 and standard deviation of 13.56. Reliability 
determined by split-hal 3 f method was found to be 0.9046, which 
after correction by Spearman-Brown formula has come to be 0.9499. 

Validity of the test results was obtained by correlating 

I , 1 

with the common criterion of school examination marks. The value 
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ranged from + 0.50 to + 0,78. Various tests and experiments have 
shown that there is a positive correlation between the intelligence 
of the students and their scholastic achievement in the school. 

Though the validity may not be perfect, but it is an 
agreed fact that the results of school examinations are positively 
correlated with the mental ability. The values considered to be 
significant are from 0.60 to 0.80 and thus the test can safely be 
regarded as valid one. 

3-4 SAMPLING 

Sampling is indispensable to the researcher. The 
present study covers the target population of tenth grade students 
or Himachal Prauesu, but the accessible population comprised of 

the students of District Hamirpur. Owing to obvious constraints 

■ ■ - 

of field situation, it was not possible to encompass the entire 
accessible population. Hence, it was thought advisable to sort 

out an institution randomly and then to take 'cluster sample' in 

- *—*- - - ‘ _r _ “ --- 

order to get a big pool for hunting out the subjects for the 
three groups mentioned earlier. Accordingly, cluster sample 
of 160 tenth grade students was taken from the Government Higher 
Secondary School Galore selected at random from all high and highe 
secondary schools of District Hamirpur. The serial numbers from 
1 to 160 were allotted to the students selected for the study. 

All of the 160 students of tenth grade were administered the 
intelligence test. After obtaining the scores, the subjects were 
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assigned randomly to three groups on the basis of subject-to- 
subject matching 0 Three groups, with 31 subjects in each group 
were framed oy assigning randomly one member of the group having 
near or equal intelligence scores to each group so that each 
person in the first group had a match in the second and third 
groups. The scores of the subjects in the matched form alongwith 
their serial numbers are given in Appendix F-l. 

The three groups were assigned randomly to different 
treatments. The first group was given instruction through PSI 
and it was designated as 'Keller group'; the second group was 
imparted instruction through Bloom's mastery learning strategy 
and was designated as 'Bloom group' and the third group was given 
instruction through conventional method of teaching and termed as 
'control group'. From the Table 3.1 it is evident that the means 
of the three groups on the intelligence scores are equal. From 
this, it was concluded that the three groups are equivalent in 
the general mental ability. ' 


TABLE 3. 1 

MEANS OF THE INTELLIGENCE SCORES OF KELLER, 
BLOOM AND CONTROL GROUPS 


Group 

Total of scores 

Number of individuals 

Me an 

Keller 

1054 

31 

34.0 

Bloom 

1054 

31 

34,0 

Control 

1054 

31 

34.0 
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3-5 DESCRIPTION OF THE EXPERIMENT 

The experiment was conducted in four phases as follows: 

Phase I 

In the first phase of the experiment the summative 
criterion test was administered to all the three groups. The 
purpose of obtaining the data in terms of the pretest scores was 
to control the previous knowledge, if any, of the subject matter 
to be taught through different teaching strategies using the 
technique of 'Analysis of Co-variance'. The time limit was kept 
generous so that the students could attempt all the items of the 
test. The booklets were scored and snores thus obtained were 
tabulated. These scores were termed as "pretest scores". 

Phase II 

In the second phase of the experiment, proctors who were 
fast learners were selected from the Keller group on the basis 
of their highest intelligence scores in the group and in 
consultation with the concerned subject teachers. Each proctor 
was assigned 4 students. The proctors were made aware with their 
duties in the classroom. After this the group was supplied the 

i 

study guide of the 1st unit. On going through the study guide 
and concerned pages of the text book at their own pace, the 
subjects were tested on the first unit. The proctors scored the 
test booklets of the subjects assigned to him in their presence 

$ 

I and also asked oral questions. In case some member of the group 
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was not able to achieve mastery, the concerhed proctor helped 
him in understanding the content matter which he was not able 
to understand. After this he was re-administered the parallel 
form of the test to check, the mastery of the content. On achieving 
mastery of the content matter, of the 1st unit, the subjects 
were handed over the study guide of the next unit. The same cycle 
was repeated for teaching all the units to the Keller group. 

The 'Bloom group' was given instruction on the content 
matter relating to the first unit through Bloom's mastery 
learning strategy. After giving instruction on the first unit, 
students were given a formative test based on the content of this 
unit. The scores thus obtained were tabulated. The students who 
were not in a position to achieve the criterion of 90/90 were 
given the remedial measures and the parallel form of the unit 
test was again administered to see the mastery of the content. 

The investigator proceeded to the next unit only when 90/90 
criterion was achieved. The same procedure was adopted in all 
other units. 

The 'control group' was provided instruction through 

conventional method of teaching on all the eight units for eight 

, 

days, each unit was taught in a single day. The summative 
criterion test was administered to all the three groups immediately 
after the instruction through different teaching strategies was 
over. The scores on the summative criterion test provided the 
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measures of the immediate retention of the content matter taught. 
The test administration procedure was kept similar to tha 
procedure' followed in Phase I. 

Phase III 

After the completion of the second phase, a gap of 
two weeks was given and during this period no instruction was 
provided to any of the group of students. 

After this gap, the summative criterion test was again 
administered to find out two weeks retention. The test booklets 
were scored and scores thus obtained were tabulate.i. 

Phase IV 

After six weeks of the completion of the content matter, 
the summative criterion test was again administered to all the 
three groups to find out the six weeks retention. The six weeks 
retention scores thus obtained were recorded. 

The scores obtained on the summative criterion test 
by the subjects of the three groups at different phases of the 
experiment are given in Appendix G-l. 


« t a 
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CHAPTER IV 


ANALYSIS AND INTERPRETATION OF DATA 


The objectives of the present study were aimed at 
finding out the effects of Personalized system of instruction. 
Bloom's mastery learning strategy and conventional method of 
teaching on the retention of high school students in a segment - 
of science. For this purpose the investigator categorized his 
subjects into three groups: Keller, Bloom and Control in the 
manner discussed earlier in chapter III. The scores of these 
subjects on pre and posttests (on summative criterion test) were 
used for further analysis. This chapter deals with the statistical 
technique used and the analysis and interpretation of the data 
collected. 

4-1 STATISTICAL TECHNIQUE USED 

Analysis of Co-variance was employed to analyse the 
obtained criterion test scores (pre and posttests) of the 
students belonging to each of the three groups. The technique 
analysis of co-variance is a technique that combines the feature 
of analysis of variance and regression (Snedecor and Cochran,1968). 
Ker linger (1978, p, 370) is of the opinion that this technique has 
extraordinary potential importance in educational and psychological 


research. 
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It represents an extension of analysis of variance that 
tests the significance of differences between means of final 
experimental data by taking into account the correlation between 
the dependant variable and one or more co-variates or pertinent 
control variables, and by adjusting initial mean differences In 
the groups. It is useful to experimental psychologists , especially 
In the field of memory and learning, when for various reasons it 
is not possible or is quite difficult to equate experimental and 
control groups on some pertinent variables at the start of the 
experiment. 

In the present study the groups were equated on the 
basis of subject-to-subject matching in respect of the pertinent 
control variable of general mental ability. Moreover, the previous 
knowledge relating to content heat, if any, measured with the hel'p 
of pretest scores (criterion test) was also considered to be a 
pertinent variable rela ted t n dppp ndan<-_ vari ablp (performance 
'of the students after taking instruction through different 
teaching strategies on the content heat) measured in terms of 
the posttest scores (criterion test). Since it was not possible 
to make the groups equivalent initially by subject-to-subject 
matching'on this variable also, it was decided to use the pretest 
scores obtained by the subjects on the summative criterion test 
as a measure of this pertinent variable in the use of the analysis 
of co-variance. The use of this technique helped the investigator 
to correct initial differences in the previous knowledge relating 
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to the content heat, if any, between the groups by taking into 
account the correlation between pre and posttest scores on the 
summative criterion test. 

\ 

4-2 COMPUTATIONAL STEPS 

The pretest scores, on the summative criterion test 
of the subjects of the first group and second group in the various 
combinations (Keller-Bloom, Keller-Control, Bloom-Control) to 
compare the difference of means, were denoted by x^and X 2 and the 
posttest scores as Y^ and Y 2 respectively. The total number of 
subjects in the first and second groups were denoted by and N 2 
respectively. Also, the sum and the sum of squares of pretest and 
posttest scores on the summative criterion test obtained by the 
subjects of the two groups were denoted by the following symbols: 

Zx^= The sum of the pretest scores on summative criterion test 
obtained by the subjects of the first group. 

Zx 2 = The sum of the pretest scores on summative criterion test 
obtained by the subjects of the second group. 

Zx = + Zx 2 

2 

Zx = The sum of the squares of the pretest scores an summative 
1 

criterion test obtained by the subjects of the first group. 

ZX 2 = The sum of the squares of the pretest scores on summative 

criterion test obtained by the subjects of the second group 

Zx 2 * Zx? + ZX, 

* 4 - > ' u, jvV 1 
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= T ^e sUm t ^ ie posttest scores on summative criterion 
test obtained by the subjects of the first group. 

^ Y 2 = The sum of the posttest scores on summative criterion test 
obtained by the subjects of the second group. 

2Y = 1.Y 1 + SY 2 
2 

^Y^ = The sum of the squares of posttest scores on summative 

criterion test obtained by the subjects of the first group. 

Sy^ = The sum of the squares of posttest scores on summative 

criterion test obtained by the subjects of the second group. 

SY 2 =SY 2 + 2Y 2 

2Ex 1 y 1 = The sum of the products of the pretest and posttest 
scores on summative criterion test obtained by the 
subjects of the first group. 

Sx 2 Y 2 = The sum of the products of the pretest and posttest scores 
on summative criterion test obtained by the subjects of 
the second group. 

2Ex Y = 5!x l Y 1 + 2X 2 Y 2 

N = The total number of subjects in the two groups = N-^ + N 2 

For the complete analysis of co-variance the following 
procedure as given by Ray (I960, pp.126-127) was adopted: 

Step I 

The first adjustment, based on the sum of square abd 
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products of deviations from the total means. 



SY 2 - ( SY) 



N 



(4.1) 


step II 

The second adjustment, based on within sample sums of 
squares and products of deviations from the sample means. 



Step III 

The discrepancy sum of squares, 

w 

D = E, - E (4.3) 

t w 


Step IV 


The discrepancy variance, 
treatment effect. 


D 



a measure of apparent 

(4.4) 


in which 

C = number of samples . 
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Step V 


The error variance , 


v 

ew 


E. 


w 


( N-C-l ) 


( 4 . 5 ) 


Step VI 

The F-ratio for testing the significance of the 
difference between the means of criterion test scores (posttest) 
of the first and second groups, 

V d 

F = - (4.6) 

V 

ew 

Step VII 

Summary of the results is given as in the following 

Table 4.1. 


TABLE 4.1 

GENERAL FORM OF THE ANALYSIS OF CO-VARIANCE 


Components of Variability 

S3 df 

V F 

Between Samples or 
treatments (D) 

(C-l) 

V J V, / V 

a d ew 

Within gamples or 

error (E ) 
w 

(N-C-l) 

V 

ew 

Total (E t ) 

(N-2) 



SS = Sum of squares 

df a Degrees of freedom 
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V = Variances 

F = Obtained value of F 

Step VIII 


The adjusted mean of the summative criterion test 
scores of the first group. 



The adjusted mean of the summative criterion test 
scores of the second group. 



in which 


M and M are the means of the posttest scores on 
1 2 

summative criterion test obtained by the subjects of first and 
second group respectively. 

and are the means of the pretest scores on 

summative criterion test obtained by the subjects of the first and 
second group respectively. 


G ig the grand mean of the pretest scores on summative 
X 

criterion test obtained by the subjects of the two groups, b is 
the regression co-efficient which is 


T y (Sx) (5y) 

“ N 


SX 2 - 


(sx ) 2 


N 


i 
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4.3 basic Assumptions 

'Analysis of Co-variance 1 has certain basic assumptions 
underlying it. Ray (1960, pp. 129-132), Lindquist (1970) and 
Edwards (1971) have stated that there are certain assumptions which 
should be fulfilled in the analysis of co-variance. The assumptions 
are that : 

i. The distribution of the adjusted scores within groups 
should be normal. 

ii. The groups should be selected at random from the same 
population. 

iii. The groups should be homogeneous in variability. 

iv. The effect of treatment should be constant on the responses of 
the subjects in the group on which the treatment is imposed. 

v. There should be a real correlation between the dependant 
variable and the co-variate or pertinent control variable. 

vi. There should be homogeneity of regressions from group to group. 

4*-4 TESTING OF ASSUMPTIONS 
4-4.1 Assumption of Normality 

The assumption that the distribution of the adjusted 
scores within groups should be normal is not especially important. 
Eden and Yates, as quoted by Johnson (1961), showed that even with 
a population departing considerably from normality, the 
effectiveness of Z-distribution still held. Besides this finding# 
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the conclusion of Norton's study is also quite important, 

Guilford (1973) says, "■with artificial population of 10,000 cases, 
Norton varied the shape of distribution in various ways, making 
leptokuritd, rectangular, markedly skewed and even J shaped.,.,,. 

One general finding was that F is rather insensitive to variations 
in shape of population distribution". In view of this it was not 
considered necessary to test the present data for normality. 

4-4.2 Assumption of randomness 

The requirement of randomness was amply fulfilled in 
this study at every stage, where ever it was possible. First, one 
school was selected at random from all high and higher secondary 
schools of District Hamirpur of Himachal Pradesh to provide a 
cluster sample of 160 students as the total number of students 
in all the three sections of 10th class was 160. The subjects 
were assigned randomly to three groups on the basis of subject-to- 
subject matching. 

4-4.3 Assumption of Homogeneity 

The assumption of homogeneity of sample variances was 
tested by applying Bartlett's test of "Homogeneity of variance". 

The deta'ils of the computational steps in the analysis of the 
scores on the summative test (posttest) obtained by the subjects 
in the Keller, Bloom and Control groups immediately after the 
completion of the teaching strategies are given as under. The 
pretest scores of the Keller, Bloom and Control groups were demoted 

f f. 
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as X 1 , x 2 and X 3 and posttest scores as Y 1 ,y 2 and Y^ 

respectively in the testing of the assumption of homogeneity of 
variance. 


Step I 


Computation of 2 y 1 K 2 and IZx^ 2 
SY i r2 = 


297903 - (2 ^ 3) 


12105.84 

SY X K 2 12105.84 

Nj_ -1 = 24 

504.41 

Step II 

Computation of Sy 2 K 2 and Ss 2 K 2 

2 (2333) 2 

SY~ K = 230691 - . 

Z 25 


Ss ^ 2 = 


SS 2 K = 


12975.44 

12975.44 

24 


Step III 


540.64 


0 0 

Computation,5Y 3 k and Ss 3 Kr 


9 • 



UW) 

'■l f r'^ t r i' t f ' k’ J' 1 ■ RtiwV'/' i'A-'n* ti**.'* in' r 
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= 11106.56 


ss 3 K‘ 


11106.56 

24 


462.77 


Step IV 


Ssk' 


Computation of K log — 3 — 

_ . SSK 2 „ , Sa.K 2 + S3., K 2 + Ss K 2 

K log _ = K log _1_2_ 3 


= 3 log 


504.41 + 540.64 + 462.77 


- 0.1036 


Step V 

2 

Computation of 2log SSK 

Slog SSK 2 = log SS 1 K 2 + log Ss 2 K 2 + log 2S 3 K 2 

= log 504.41 + log 540.64 + log 462.77 
= 8.1009 


Step VI 


Computation of Difference D 

Ssk 2 2 

D = K log - _ - Slog SSK 

3 

= 8.1036 - B.1009 


0027 
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Step VIX 


Computation of 
= (2.3026) 



+ Nr 


+ N. 


= 2.3026 X 24 X .0027 
= 0.149 


(D) 


step VIII 


Computation of Correction C 


= 1 y 
3K 1 

K + 

1 


'V 

V N 3 A 

K = number of groups 


3 J 

ii 

t- 1 

+ 

3 + 

1 

= 1,02 


3X3 (25 -1) 


Step IX 


Computation of corrected Chi-square 


Corrected 7^ 




c 

0.149 

1.02 


= 0.146 


Degree of freedom = 3-1 = 2 


The homogeneity of variances of scores on the summative 
test, obtained by the three groups of subjects after two weeks 
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and six weeks of the teaching strategies# were also tested 
following the same procedure as discussed above in the case of 
the scores obtained by the subjects immediately after the 
completion of the teaching strategies. 

The results are summarized in Table 4.2 as follows: 

TABLE 4.2 

VALUES OF "X^ COMPUTED FOR TESTING THE HOMOGENEITY OF THE VARIANCES 
OF THE SCORES ON SUMMATIVE TEST AT DIFFERENT PHASES OF THE-' 

EXPERIMENT 


Phase of the experiment 

df 

obtained value of 

Significance at 
.05 level 

Immediate.Rete ntion 

2 

0.146 

Not 

Significant 

Two weeks Retention 

2 

0,54 

Not 

Significant 

Six weeks Retention 

2 

0.092 

Not 

Significant 


Table 4.2 indicates that none of the obtained values 
of X exceed the table value of x. for 2 degrees of freedom at 
.05 level of confidence. Hence# the variances within the 
treatment in all the cases were treated as homogeneous. 

4-4.4 Assumption of Constant Effect of Treatments 

The assumption that the effects of the treatments were 
constant on the responses of the subjects in the groups on which 
the treatment were imposed was tested by using the procedure 
described by Ray ( 1960# pp.57-58)* It employs a variance ratio 
calculated in terms of F-value. The details of computational 
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steps in the analysis of scores on the summative test obtained 
by the subjects of Keller, Bloom and control groups immediately 
after the completion of the experiment are given as below. The 
posttest scores of the Keller, Elnom and control groups were 
designated as Y^, Y^ and Y^ respectively to test the assumption 
of constant effect of treatments. 

Ste p I 


Sum of the squares for the Keller group. 



(267 3) 2 

= 297903 --- = 12105.84 


Variance for the Keller group, 



N 


1 


- 1 


12105.B4 
24 


= 504.41 


Step II 


Sum of squares for the Bloom group 

,2 


~ x 2 




N 


= 230691 - 


(2333) 

25 


12975.44 




Variance for the Bloom Group 



12975.44 

S “—”—" ~~ 

24 

= 540.64 


Step III 


Sum of squares for the control group. 



= 166185- 


( 1969)2 

25 


= 11106.56 


Variance for the control group 

11106.56 
= 24 

= 462.77 

step iv * 

Variance ratio F 


Keller/Bloom 


504.41 

540,64 


0.93 


Keller/Control^ 


504.41 
462.77 B 


1.09 
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Bloom/Control = ~ 46 2 77 = 1.17 

The same procedure was followed to compute F-values 
for testing the assumption of constant effect of treatments for 
the data obtained at other phases of the experiment. The results 
are summarized in Table 4.3 as follows: 

TABLE 4.3 


F-RATI03 computed for testing the constant effect of 
THE TREATMENTS AT DIFFERENT PHASES OF THE EXPERIMENT 


Phase of Experiment 

df 

Obtained value of F 

Significance at .05 
level 

Immediate 

2 

1.17 

Not significant 

Two weeks 

2 

1.34 

Not significant 

Six weeks 

2 

1.03 

Not significant 


None of the values of F in Table 4.3 exceed the table 
values of F for 2/71 df at .05 level of confidence. Hence, the 
assumption of the constant effect of the treatments was found to 
hold good in each case. 

4-4.5 Assumption of Correlation 

• The assumption that there should be a real correlation 
between the dependant variable and a pertinent control variable 
was tested by using the "Test of significance of Regression", in 
the manner described by Ray (I960, p. 129). This test also employs 
the commutation of variance ratio in terms of F-value . In the 
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present case# the pretest scores were the pertinent control 
variable and the posttest scores as dependant variable. 


The details of the computational steps in the analysis 
of scores on pertinent control variable and dependant obtained 
by the three groups of subjects are given below. The pretest 
scores of the Keller, Bloom and Control group were denoted as 
X^, X 2 and X^ and posttest scores as and respectively 

to test the assumption of correlation. step I 

r -,2 



118016 - 1233 J 2331 + 166947 - 15 21 X 2 6 81 + no39B _1270 X 2086 


25 


25 


25 


62845 - — + 95699 - 


+ 6BO70 - 


(1270)' 

25 


16957.87 


‘•'.Step II 



Predicted variance 

P 16957.87 

v - — a - 

V pw C-l 2 

= 8478.94 




± 9229 .97 
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847B.94 
* 270.84 

= 31.31 

The same procedure was followed to compute the 
F-values for the data obtained at other phases of the experiment. 
The results are summarized in Table 4.4 as follows; 

TABLE 4.4 

F-RATI03 COMPUTED FOR TESTING THE CORRELATION BETWEEN THE 
PRETEST SCORES AND POSTTEST SCORES AT DIFFERENT PHASES OF 



THE 

EXPERIMENT 


Phase of the 
Experiment 

df 

Obtained Value 
of F 

Significance of 
at o 05 level 

Immediate Retention 

2 

31.31 

Significant 

IV/o weeks Retention 

2 

38.45 

Significant 

Six weeks Retention 

2 

25.21 

Significant 


The obtained values of F in*Table 4,4 exceed the table 
values of F for 2/71 df at .05 level of confidence. Hence# the 
assumption of a real correlation between the two variables at 
each phase of the experiment was justified and that the use of 
pretest scores as a pertinent control variable was considered to 

s 

be worthwhile in partially eliminating error from the data. 

4-4.6 Assumption of Homogeneity of Regression 

The assumption that there should be homogeneity of 
i regression from group to group was tested by computing the F-ratlos 
for the 'Test of Homogeneity of Regression' in th6 manner as given 

l ' ■ / \ • , ; 

t , , r ' , t 

l , v. ’, , - 1 . ■ . ' 
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by Ray (i960, pp. 130-131). The details of computational steps 
for computing the F-ratios in the analysis of pretest and posttest 
scores immediately after the completion of the instruction obtained 
by the three groups of subjects are given as under. The pretest 
scores of the first and second groups in the combinations were 
devoted as X^,X 2 and posttest scores as Y^ and Y 2 respectively to 
test the assumption of homogeneity of regression. 

Step I 

The sums of squares of errors of prediction (Keller/Bloom 
gr ou ps) : 


^ X 1 - 


N, 


5 ’ X 1 Y 1 " 


(2*0 (»l) 


N 


1 + 


sx 2 

A 1 “ N. 


.21 


( 2Y 2^) 


2 Y - 
^2 N 


( Sx 2 )( S y 2 ) 

2iX 2 Y 2” 


2 x: 


C Sx 2 ) 2 


N, 


= 230691 - 


(2333)2 
25 ' 


118784 - 


1233 X 2333 


25 


62845 - 


(1233) 2 
25 


+ 297903 - 


(2673)' 


25 


166406 


95699 


1521 X 2673 
- 25 ’ 

(1521) 2 
25 


13752.92 
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Keller/Control groups 

E i = 12975.44 - 6807.02 + 11106.56 - 6161.52 
= 11113.46 

Bloom/Control groups 

E i = 12105.84 - 4521.33 + 11106.56 - 6161.52 
= 12529.55 

Step II 

Within sample sum of squares of errors of estimate Keller/ 


Bloom groups 






Keller/Control groups 


E w = 11455,99 

Bloom/Control groups 

E = 12562.52 
w 

step ill 

The measure of homogeneity of regression Keller/ 
Bloom groups 

E w - E i = 14249.91 - 13752,92 
= 496.99 

Keller/Control groups 

= 11455,99 - 11113.46 
= 342.53 


Bloom/Control groups 


= 12562.52 - 12529.55 


32.97 


Step IV 


The variance ratio 


E -E. E . 

P = —5-/— 1 ■ 


C - 1 


N -2C 


Keller/Bloom groups 


„ 496.99 . 13752,92 

F = --- / —-- 


1.25 
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Keller/Control groups 

m _ 342.53 , 11113.46 . . 

2 / -69- = ll06 

Bloom/Control groups 

P = 32^97 12529.55 . 

2 69 0, °’ 

The same procedure was followed to compute F-values for 
the data obtained at other phases of the experiment. The 
combination with high F - value was taken for testing the 
assumption. The results are summarized in Table 4.5 as under: 


TABLE 4,5 

F-RATI03 COMPUTED FOR TESTING THE HOMOGENEITY OF 
REGRESSION AT DIFFERENT PHASES OF THE EXPERIMENT 


Phase s of the 
experiment 

df 

Obtained value 
of F-ratios 

Significance at 
.05 level 

Immediate 

Rete ntlon 

2/71 

1.25 

Not significant 

Two weeks 

Re te ntion 

2/71 

0.20 

Not significant 

Six weeks 

Retention 

2/71 

2.84 

Not significant 


None of the obtained F-values in the Table 4.5 exceed the 
table values of F for 2/71 df at .05 level of confidence t the 
assumption that three samples are homogeneous ^as taken to be 
justified at different phases of the experiment. 
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4-5 IMMEDIATE RETENTION 

4-5.1(a) Analysis of Scores of Keller and Bloom Groups Immediately 
after the completion of the instruction 


After testing the data for all the assumptions 
described above, the investigator proceeded further with the 
analysis of co-variance to test the significance of difference of 
means of the summative criterion test scores of the subjects of 
the Keller and Bloom groups in the manner described below*. 

Step I 

Substituting the values in formula (4.1), the first 
adjustment, based on the sums of squares and products of 
deviations from the total means is. 


E t = 27393.28 


(9459,52) 2 
_ 6853.68 


= 14337,15 


Step II 

Substituting the values in formula (4.2), the second 
adjustment, based on within sample sum of squares and products of 

i 

deviations from the sample means is, 
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E = 230691 - ^ 2333) + 297903 - (2673 ^ 

w ™~~ - 


25 


25 


118784 


1233 X 2333 J 1521 X 2673 

—___+ 166406 - __ 


25 


25 


62845 - 


li^31 2 + 95699 - (1521) 2 

25 25 


= 14249.91 


Step III 


Substituting the values in formula (4.3), the 
discrepency sum of squares is, 

D = 14337.15 - 14249.91 

= 87.24 


Step IV 

Substituting the values in formula (4.4), the 
discrepency variance, a measure of apparent treatment effect is. 


Step V 



87.24 

- 


= 87.24 


Substituting the values in formula (4,5), the error 


variance is. 
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V 

ew 


14249.91 

47 


= 303.19 


Step VI 


Substituting the values in formula (4.6), the F-value 
for testing the significance of difference between the means of 
summative test scores of the Keller group and Bloom group is, 

p 37.24 

303.19 

= 0,29 

step VII 

The complete summary of the results of analysis of 
co-variance has been given in the following Table 4.6 , 

TABLE 4.6 


SUMMARY OF THE RESULTS OF ANALYSIS OF CO-VARIANCE 
FOR IMMEDIATE RETENTION(KELLER/BLOOM GROUPS) 


Components of Variability 8S 

df 

V 

F 

Treatment (D) 

87.24 

1 

87.24 

0.29* 

Error (E w ) 

14249.91 

47 

303.91 


Total (E t ) 

14337.15 

48 




* Not significant at .05 level of confidence. 
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Step VIII 

Substituting the values in formula (4.7), the adjusted 
mean of the summative test scores of the Keller group is, 

M = 9332 - 1.38 (49.32 - 55.08) 

11 

= 101.27 

Substituting the values in the formula (4.8), the 
adjusted mean of the summative test scores of the Bloom group 
is, 

M = 106.92 - 1.38 (60.84 - 55.08) 

4 2 


= 98.97 

The results are summarized in Table 4.7, 

TABLE 4.7 


MEANS OF THE PRETEST AND POSTTEST SCORES ON 
SUMMATIVE TEST OF KELLER AND BLOOM GROUPS 


Group 

Number of Subjects 
in the group (N) 


M 

X 

Adjusted means 

M 

Y.X 

Keller 

25 

93. 32 

49.32 

101.27 

Bloom 

25 

106.92 

60.84 

98.97 


G M x « 55.08 


4-5.1(b) Interpretation 


From the table value of F, it may be found that the 
criterion value of F for 1 and 47 df at .05 level,of confidence is 
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approximately 4.05. It is evident from Table 4,6 that the 
obtained value of F which is 0.29 is less than the criterion 
value. Since the obtained value of F is significantly low than 
its criterion value the hypothesis that the immediate retention, 
measured in the form of performance on the summative criterion 
test of the two groups of students One following instruction 
through Personalized system of instruction and the other through 
Bloom's mastery learning strategy, differs significantly, was rejected. 
It is also evident from the Table 4.7 that the mean scores of 
these two groups do not differ significantly; and it may be 
interpreted that Keller's Personalized System d£ instruction 
(PSI) and Bloom's mastery learning strategy have equal effects 
on the immediate retention of the students. 

4—5o2(a) Analysis of Scores of Keller and Control Groups 

Immediately After the Completion of the instruction 

For comparing the immediate retention, measured in the 

form of performance on the summative criterion test of Keller and 

/ 

Control groups, the analysis of co-variance was applied to the 
pre and posttest scores obtained by the subjects of the two groups 
on summatiye criterion test. The results of analysis of 
co-variance are summarized in Table 4.B on the next page. 
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TABLE 4.8 


SUMMARY OF THE RESULTS OF ANALYSIS OF CO-VARIANCE 
FOR IMMEDIATE RETENTION (KELLER/CONTROL GROUPS) 


Components of 

variability S3 

df 

V 

F 

Treatment (D) 

3503.B 

1 

3503.8 

14.37* 

Error (E ) 
w 

11456.0 

47 

243.74 


Total 

14959.8 

48 




*5ignifleant at .01 level of confidence. 

The adjusted means of the criterion test scores obtained 


by the subjects in the Keller and Control groups were also 
calculated. The results are summarized in Table 4.9. 


TABLE 4.9 


MEANS OF THE PRETEST AND POSTTEST SCORES ON 
SUMMATIVE CRITERION TEST OF KELLER AND CONTROL GROJPS 


Group 

N 

M 

Y 

M x 

Adjusted mean M^ x 

Keller 

25 

93.32 

49.32 

94,39 

Control 

25 

78.76 

50.8 

77.60 


G M x = 50.06 


4-5.2(b) interpretation 

The obtained value of F, as is evident from the Table 
4,8, has come out to be 14.37, which is significantly greater 
than the criterion value (7.20) for 1 and 47 df at .01 level,gf 
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confidence. Since the obtained value of F exceeds the 
criterion,value, the hypothesis that the immediate retention# 
measured in the form of performance on the summative criterion 
test of the two groups of students: One following instruction 
through Personalized system of instruction and the other through 
conventional method of teaching# differs significantly, was 
accepted. This finding indicates that the immediate retention 
of the subjects following Personalized system of instruction 
differs significantly from that of the subjects who follow 
conventional method of teaching and there is a positive effect 
of PSI on immediate retention of the subjects in comparison to 
those who obtain instruction through conventional method. 

From the Table 4.9 it can be seen that the adjusted mean 
of the scores on the summative criterion test of the Keller group 
is significantly higher than that of the Control group. From 
this it may be inferred that immediate retention of the group 
getting instruction through PSI is better in comparison to the 
group of subjects taught through conventional method. 

It is worthmentioning that in their studies Corey, 
McMlchael and Treraont (1970); Corey, Valente, and Shamow (1971)j 
Austin and Gilbert ( undated); Moore, Hauck. and Gagne (1973); 
Anderson and Artman (1972); Nazzaro et al. (1972) and Breland 
and Smith (1974) have shown that the students who are taught 
through PSI yield statistically greater retention scores than 
students taught through ordinary teaching strategies. 
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A discussion of previous research by McMichael (1974) 
in the context of PSI relevant to the findings of the present 
study is worthmentioning. The researcher after teaching two 
groups of students: one through PSI and the other through 
ordinary lecture-recitation metnod, found that the retention 
scores of PSI gruup are siynificantly greater than those of the 
group following lecture-recitation metuod. 


4-5.3(a) Analysis of scores of Bloom and Control groups 

Immediately after the completion of the Instruction 
(Immediate Retention) 

For comparing the immediate retention, measured in the 
form of performance on the sumrnative criterion test, of the 
subjects of the Bloom and Control groups, the analysis of 
co-variance was applied to the pre and posttest scores obtained 
by the subjects of the two groups. The results of the analysis 
of co-variance and that of the adjusted means are summarized in 
Table 4.10 and 4,11 respectively. 


TABLE 4.10 

SUMMARY OF THE RESULTS OF ANALYSIS OF CQ-VARlANCE 
FOR IMMEDIATE RETENTION (BLOOM/CONTROL GROUPS) 


Components of 

variability SS 

df 

V 

F 

Treatment (D) 

2535,18 

1 

2535.IB 

9.49* 

Error (E ) 

W 

12553.39 

47 

267.09 


Total (E t ) 

15088.57 

48 




*5ignificant at .01 level of .confidence., 

< ? ■ 
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TABLE 4.11 


MEANS OF THE PRETEST AND POSTTEST SCORES ON SUMMATIVE 
CRITERION TEST OF BLOOM AND CONTROL GROUPS 


Group 

N 

M 

Y 

M 

X 

Adjusted Means M y ^ 

Bloom 

25 

106.92 

60.84 

99.39 

Control 

25 

78.76 

50.8 

86.29 



It can be observed from Table 4.10 that the obtained 
value of F (9.49) is significantly greater than the criterion 
value of F (7.2o) for 1 and 47 df at .01 level of confidence. 
Since the obtained value of F exceeds the criterion value the 
hypothesis that the Immediate retention, measured in the form of 
performance on the summative criterion test of the two groups of 
students: one following instruction through Bloom's mastery 
learning strategy and the other through conventional method of 
teaching differs significantly, was accepted. This finding 
indicates that the Immediate retention of the subjects taught 
through Bloom's mastery learning strategy differs significantly 
from that of the subjects who were taught through conventional 
method. 


Table 4.11 indicates that the adjusted mean of the 
scores on the summative criterion test of the Bloom group is 
significantly higher than that of the Control group. Ifom this, 
it may be inferred that the immediate retention of the Bloom 

i i ,* 

group is better in comparison to that of the Control group. , 
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In the studies by Block (1972); Anderson (1973) and 
Wentling (1973) it has been shown that the subjects who followed 
Bloom's mastery learning strategy showed higher retention scores 
than the subjects who followed conventional method of teaching. 

Burrows and Okey (1975) while comparing the retention 
of the group following Bloom's mastery learning strategy and that 
of the group following conventional method of teaching also 
found that the retention scores of the former groupare significantly 
higher in comparison to that of the latter group. 

It is noteworthy that Kaundal (19B1) in his study found 
that the immediate retention scores of the group Df students 
following Bloom's mastery learning strategy are higher in 
comparison to the students taught through conventional method. 

4-6 TWO WEEKS RETENTION 

4-6.1(a) Analysis of Scores of Keller and Bloom Groups Two Weeks 
after the Completion of the Instruction (Two Weeks 
Retention) 

For comparing the retention, measured in the form of 
performance on the criterion test two weeks after the completion 
of the teaching, of the Keller and Bloom groups, the analysis of 
co-variance was applied to the pretest and posttest scores of the 
subjects in the two groups on summative criterion test. 

The results of the analysis of co-variance and that of 
the adjusted means of the .groups, are summarized in Table .4«12 ahd 
4.13 respectively* 
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TABLE 4.12 


SUMMARY OF THE RESULTS OF ANALYSIS OF CO-VARIANCE 
FOR TWO WEEKS RETENTION ( KELLER/BLOOM GROUPS ) 


Components of variability 

ss 

df 

V 

F 

Treatment (D) 

15.3 

1 

15.3 

0.049* 

Error (E w ) 

14703.23 

47 

312.B3 


Total (E ) 

14718.53 

48 




*Not significant at .05 level of significance. 


TABLE 4.13 


MEANS OF THE PRETEST AND P03TTEST SCORES ON 3UMMATIVE 
CRITERION TEST OF KELLER AND BLOOM GROUPS 


Group 

N 

"y 

M 

X 

Adjusted Means M y x 

Ke 1 le r 

25 

93.24 

49,32 

100.67 

Bloom 

25 

107.24 

68.84 

99.BO 


G M x = 55.08 


4-6.1(b) Interpretation 


It can be seen from Table 4,12 that the obtained value 
of F (.049) Is less than the criterion value (4,05) for 1 and 47 
df at .05 level of confidence. Since the obtained value of F Is 
less than the criterion value, the hypothesis thattwo weeks 
retention, measured In the form of performance on the summative 
criterion test of the two groups of students: one following 
instruction through Personalized system of instruction and the 
other through Bloom's mastery learning strategy, differs 
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significantly was rejected. This finding indicates that the 
two weeks retention of the two groups of students following PSI 
and Bloom's mastery learning strategy does not differ significantly 
and from this it may be interpreted that PSI and Bloom's mastery 
learning strategy have equal effect on two weeks retention of 
the students. 

Table 4.13 shows that the adjusted means of the scores 
on summative criterion test of Keller and Bloom groups are 
approximately equal. Thus it may be inferred that PSI and Bloom's 
mastery learning strategy have equal effects on two weeks retention. 

4-b,2(a) Analysis of Scores of Keller and Control Groups Two Weeks 
After the Completion of Instruction (Two Weeks retention ) 

For comparing the two weeks retention, measured in the 
form of performance on summative criterion test of the Keller and 
Control groups, the analysis of CD-variance was applied to the 
pre and posttest scores obtained by these two groups. 

The results of the analysis of co-variance and that of 
the adjusted means of the groups are summarized in the Table 4.14 
and Table 4,15 respectively, 

’ TABLE 4.14 


SUMMARY OF THE RESULTS OF ANALYSIS OF CO-VARIANCE FOR • 
TWO WEEKS RETENTION (KELLER AND CONTROL GROUPS) 


Components of variability 

ss 

df 

V 

F 

Treatment (D) 

1725.74 

1 

1725.74 

7.66* 

Error(E w ) 

10592.68 

47 

225.37 


Total (E fc ) 

12318.42 

48 

i 

- 

*31gnificafit at 

.01 level 

of confidents. - 

v . 

» i 

. ■ *' * 1 • 1 '* - 1 ■. 
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TABLE 4.15 


means of the pretest and posttest scores on summAtive 

CRITERION TEST OF KELLER AND CONTROL GROUPS 


Gr ou p 

N 

M 

1 Y 

M 

X 

Adjusted Means x 

Keller 

25 

95.24 

49.32 

96*2 

Control 

25 

83.44 

50.8 

82 .48 


G M x = 50.06 


4-6.2(b) Interpretation 


The obtained value of F as is evident from the Table 
4.14 hr-s come out to be 7.66, which is significantly greater 
than the criterion value (7.20) for 1 and 47 df at .Ol level of 
confidence. Since the obtained value of F exceeds the criterion 
value, the hypothesis that the two weeks retention, measured in 
the form of performance on the summative criterion test of the 
two groups of students : one following instruction through 
Personalized system of instruction and the other through 
conventional method of teaching, differs significantly was 
accepted. This finding indicates that two weeks retention of the 
group of subjects following PSI differs significantly from that 
of the group of subjects following conventional method of teaching 
and from this it may be interpreted that PSI in comparison to 
conventional method has a positive effect on two weeks retention 
of the subjects 0 

From the Table 4.15, it can be seen that the adjusted 
mean score of the Keller group on summative test is sAghif ioanbiy 
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higher than that of the control group. From this it may be 
inferred that two weeks retention of the subjects following PSI 
is better in comparison to that of the subjects following 
conventional method of teaching. 

4-6.3(a) Analysis of Scores of Bloom and Control Groups Two Weeks 

After the Completion of the Instruction (Two Weeks Retention) 

For comparing the retention, measured in the form of 
performance on the aummative criterion test two weeks after the 
completion of the instruction, of Bloom and Control groups, the 
analysis of co-vBriance was applied to the pre and posttest scores 
obtained by the subjects of the two groups,, The results of 
analysis of co-variance and that of the adjusted means of the 
groups are summarized in Table 4,16 and Table 4.17 respectively. 

TABLE 4.16 


SUMMARY OF THE RESULTS OF ANALYSIS OF CO-VARIANCE 
FOR TWO WEEKS RETENTION (BLOOM/CONTROL GROUPS) 


Components 

of variability 

ss 

df 

V 

F 

Treatments 

(D) 

1383.B 

1 

1383.8 

5.4* 

Error(E w ) 


12035.10 

47 

256.06 


Total (Ej.) 


13418.98 

48 




*3ignificant at .05 level of confidence. 
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TABLE 4.17 


MEANS 

TEST 

OF THE 
OF BLOOM 

PRETEST AND 
AND CONTROL 

POSTTEST 

GROUPS 

SCORES ON SUMMATIVE 

Group 

N 

M 

Y 

M 

'x 

Adjusted Means M^ ^ 

Bloom 

25 

107.24 

60.84 

100.16 

Control 

25 

83.44 

50.8 

90.52 


G M v = 55„82 


4-6.3(b) Interpretation 

The obtained value of F as is evident from Table 4.16 
has come out to be 5,4, which is significantly greater than the 
criterion value (4.05) for 1 and 47 df at .05 level of confidence. 
Since the obtained value of F exceeds the criterion, the 
hypothesis that the two weeks retention, measured in the form of 
performance on the summative criterion test of the two groups 
of students: one following Instruction through Bloom's mastery 
learning strategy and the other through conventional method of 
teaching, differs significantly was accepted. This finding 
indicates that the two weeks retention of the subjects following 
Bloom's mastery learning strategy differs significantly from those 

t 

who follow conventional method Df teaching and it may be 
Interpreted that Bloom's mastery learning strategy in comparison 
to conventional teaching has a positive effect on two weeks 
retention of the subjects. 
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From Table 4.17 it can be seen that the adjusted mean 
of the scores on the summative criterion test of the Bloom group 
is significantly higher than that of the Control group. Thus, 
it may be inferred that two weeks retention of the group of 
subjects following Bloom's mastery learning strategy is better 
in comparison to the group of subjects following conventional 
te aching. 

4-7 SIX WEEKS RETENTION 

4-7.1(a) Analy s is of the Scores of Keller and Bloom Groups on the 
Summative Criterion Test Six Weeks After the Completion 
of the Instruction (Six Weeks Retention) 

For measuring the retention, measured in the form of 
performance on the summative criterion test six weeks after the 
completion of the, te aching, of the subjects in the Keller and 
Bloom groups, the analysis of co-variance was applied to the 
pretest and posttest scores obtained by the subjects of the two 
groups. The results of the analysis of co-variance and adjusted 
means of the groups are summarized in the Table 4„18 and Table 4.19 
respective ly. 


TABLE 4. IB 

» ■ in m 

SUMMARY OF THE RESULTS OF ANALYSIS OF CO-VARIANCE 
FOR SIX WEEKS RETENTION (KELLER/BLOOM GROUPS) 


Components of 

v ariability 

SS 

df 

V F 

Treatment (D) 


265.60 

1 

265.60 1.14* 

Error(E w ) 


10937.27 

47 

232.72 

Total (E t ) 


11202.87 

48 

i 

*Not 

significant 

at .05 level 

of 

confidence. 


' * i ' 

, V" -'i ‘.i'-ste 



' 1 1 ,% '%«. 1 . , , tj , V ■ 
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TABLE 4.19 


MEANS 

TEST 

OF 

OF 

THE PRETEST AND 
KELLER AND BLOOM 

POSTTEST 

GROUPS 

SCORES ON SUMMATIVE 

Group 

N 

M y 

M 

X 

Adjusted Means M y x 

Ke Her 

25 

100.2 

4 9.32 

106.65 

Bloom 

25 

117.16 

60, B4 

110.71 


% = 55.OB 


4-7,1(b) Interpretation 


It can be observed from the Table 4.18 that obtained 

value of F (1,14.) is less then the criterion value of F (4.04) 

foi 1 and 47 df at .05 level of confidence. Since the obtained 

value of F is less than criterion value, the hypothesis that the 

six weeks retention, measured in the form of performance on the 

summative criterion test of the two groups of students: one 

following instruction through Personalized system of instruction 

and the other through Bloom's mastery learning strategy differs 

significantly, was rejected. This finding indicates that the 

six weeks retention of the groups following PSI is same to that 

* 

of the group following Bloom's mastery learning strategy and it 
\ 

may be interpreted that P5I and Bloom's mastery learning strategy 
have the same effect on six weeks retention. 

Table 4.19 indicates that the adjusted mean of the 
scores on the summative criterion test of the Keller group is 
approximately the same in comparison to that of tjtie Blobm girod'fi. 
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From this, it may be inferred that the six weeks retention 
of the Keller group is equal to that of the Bloom group. Thus 

i 

it may be inferred that PSI and Bloom's mastery learning 
strategy have an equal effect on the six weeks retention of the 
studfc nts. 

In Personalized system of instruction every student 
is brought to the mastery level by making use of study guides 
end the text book. In case any student is not able to follow 
any material, the proctor assigned to him, helps him in 
understanding the material by providing remedial material. In 
this way each student is made to reach a predefined mastery level. 
Similarly in Bloom's mastery learning strategy the effort on 
the part of the instructor is to bring the student to a fixed 
mastery criterion. The student is allowed to proceed to the next 
unit only when the mastery of the previous unit is achieved. 

Since in the present study the two groups of students: 
one taught through PSI and the other through Bloom's mastery 
learning strategy were brought to the same pre-defined mastery 
level of 90/90, the effect on the immediate as well as delayed 

retention of the two groups of students after getting instruction 

1 

have remained equal through the two teaching strategies. 

4-7.2(a) Analysis of the Scores of Keller and Control Groups on the 
Summative Criterion Test six weeks after the Completion 
of the Instruction (Six Weeks Retention) 

For comparing the six weeks retention, measured in the 

, i 

form of performance on the summative criterion teat' 1 six weeks 

v' 
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after the completion of the instruction of the Keller and 
Control groups, the analysis of co-variance was applied to the 
pretest and posttest scores of these groups. The results of 
the analysis of co-variance and that of the adjusted means of the 
groups are summarized in Table 4.20 and Table 4.21 respectively. 

TABLE 4.20 


SUMMARY OF THE RESULTS OF ANALYSIS OF CO-VARIANCE 
FOR SIX WEEKS RETENTION ( KELLER/CONTROL GROUPS ) 


Components of variability 

ss 

df 

V P 

Treatment (D) 

3859.75 

1 

3859.75 20.11* 

Error (E^) 

9017.07 

47 

191.85 

Total (E ) 

t* 

12876.82 

48 



*significant at .01 level df confidence. 


TABLE 4.21 


MEANS OF THE PRETEST AND POSTTEST SCORES ON SUMMATIVE 
TEST OF KELLER AND CONTROL GROUPS 


Group 

N 

M 

Y 

M 

X 

Adjusted Means M^ ^ 

Keller 

25 

100.02 

49.32 

101.14 

Control 

25 

84.56 

50.8 

83.62 


= 50.06 

' A 

4-7.2(b) Interpretation 


The obtained value of F as is evident from the Table 
4.20 has come out to be 20.11, which is significantly greater than 
the criterion value (7*20) for 1 and 47 df at .01 lev^l, p£ , 
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confidence. Since the obtained value of F exceeds the criterion 
value, the hypothesis that the six weeks retention, measured in 
the form of ["-rformance on trT= sunvnative criterion test of the 
two groups of students: one following instruction through P3I 
rn i_ the other through conv- nt’ on: 1 method of teaching, differs 
significantly was accepted. This finding indicates that the 
six weeks retention of the subjects following .PSI differs 
significantly fi om that of the group following conventional 
method of teething and it may be interpreted that PSI has s 
positive effect on six weeks retention of the subjects in 
comparison to conventional method. 

From the Table 4.21 it can be seen that the adjusted 
me;.n oi the scores on summa . ivc? criterion test of the Keller group 
is signifies ntly higher than that of the control group. Thus 
it nicy be inferred that six weeks retention of the group of 
subjects following P3I is better in comparison to the group of 
subjects following conventional method of teaching. 

4-7.3 (a) Anr.lysis of the Hcores of Bloom and Control Groups on 

Summative Criterion Test Six Weeks After the Completion 
the ]nstructlon 

For comparing the six weeks retention, measured in the 
form of performance on the sumniative criterion test six weeks 
after the completion of the instruction of Bloom and Control 
groups, the analysis of co-variance was applied to the pretest 
and posttest scores obtained by the subjects in these two groups. 

The results of analysis of co-variance and that of 
adjusted means of the groups are summarized in Table 4 T 22 and 
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Table 4.23 respectively. 


TABLE 4.22 


SUMMARY OF THE RESULTS OF ANALYSIS OF CO-VARIANCE 
FOR SIX WEEKS RETENTION ( BLOOM/CONTROL GROUPS ) 


Components of variability 

SS 

df 

v' 

F 

Treatment (D) 

5466.83 

1 

5466.83 

26.84* 

Error (E w ) 

9524.52 

47 

202.64 


Total (E fc ) 

14991.35 

48 




*Significant at .01 level of confidence 


TABLE 4.23 


MEANS OF THE PRETEST AND POSTTEST SCORES ON SUMMATIVE 
TEST OF BLOOM AND CONTROL GROUPS 


Group 

N 

M 

Y 

M 

X 

Adjusted Means M^ x 

Bloom 

25 

117.16 

<7 

o 

a 

ex 

11.48 

Control 

25 

84.56 

50.8 

91.23 


G M x = 55.82 


4-7.3(b) Interpretatlon 

It can be observed from Table 4,22 that the obtained 
value of F (26.84) is significantly greater than the criterion 
value (7.20) for 1 and 47 df at .01 level of confidence. Since 
the obtained value of F exceeds the criterion, the hypothesis 
that the six weeks retention, measured in the form of performance 
on the summative criterion test of the two groups of students : pne 
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following instruction through Bloom's mastery learning strategy 
and the other through conventional method of teaching, differs 
significantly was accepted. This finding Indicates that the 
six weeks retention of the subjects following Bloom's mastery 
learning strategy differs significantly from that of the subjects 
following conventional method of teaching. It may be interpreted 
that Bloom's mastery learning strategy in comparison to 
conventional method has a positive efiect on six weeks retention 
of the subjects. 

Table 4,23 indicates that the adjusted mean of the 
scores on summative criterion test of the Bloom group is 
significantly higher than that of the Control group, From this, 
it may be inferred that the six weeks retention of the subjects 
following Bloom's mastery learning strategy is better in comparison 
to that of the group following conventional method of teaching. 


• 9 ■ • 
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CHAPTER V 


REVIEW ,GENERAL CONCLU SIONS .EDUCATIONAL IMPLICATIONS 
AND SUGGESTIONS FOR FURTHER RESEARCH 


A modern approach to the notion that most students can 
learn what the schools have to teach, has been developed under 
the rubric of mastery learning. The mastery learning: (i) starts 
with the assumption that almost all students can and will master 
a great deal of what they are taught in school if the instruction 
is approached systematically, if the students are helped when and 
where they have learning difficulties# if they are given sufficient 
time to achieve mastery; (ii) gives the learner the idea of where 
he is going (terminal behaviour), makes the learner understand 
the nature of the task to be learnt and the procedure to be 
followed in learning; (iii) is designed so that as many students 
as possible can achieve the objectives of education to the 
appropriate level and; (iv) grades each student on whether he has 
or has not achieved the course objectives to the appropriate 
level rather than how well he has achieved them relative to his 
peers. 

\ 

Personalized system of instruction and Bloom’s mastery 
learning strategy are the teaching strategies which make use of 
the concept of mastery learning. The instructor who wishes to - 
use a PSI approach begins by sub-dividing his whole course into; 
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a series of teaching-learning units. The course objectives to 
be mastered in each unit are determined. The instructor then 
develops materials for teaching each unit. A study guide through 
which all students can be initially exposed to the unit's material 
is developed. The sample feea back/correction procedures are also 
developed for each unit. The mastery performance standard which 
students are expected to achieve (usually 90/90) is fixed. The 
student begins his study of the first unit by followinq the 
procedures out lined in the unit's study guide. His performance 
is judged by his proctor and after the attainment of mastery of 
the unit/ he proceeds to the next unit. This procedure is adopted 
to teach the other units. 

On the other hand/ the Bloom's mastery learning 
strategy starts with the formulation of instructional objectives 
that all students will be expected to achieve to a particular 
mastery performance standard by the course's end. Then brief, 
ungraded, student-scored, diagnostic progress tests called 

J 

"formative tests", are constructed which provide continuous 
feedback to both pupil and teacher concerning learning successes 
and failures. When the instruction on the first unit thrfaugh 
group based instruction is over, rather than on moving to the 
next, unit's formative test is administered in order to determine 
how each student is achieving. The students who could not master* 
are given remedial measures, retested on parallel form of the 
formative test of the unit and are brought to mastery lever. /The 
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same procedure is followed in the teaching of other units. 

Retention refers to the amount of material remaining 

i 

over a period of time. Corey, McMichael and Tremont (1970); 

Corey, Valente and Shamow (1971); Austin and Gilbert (undated); 
Moore, Hauck and Gagne (1973); Anderson and Artman (1972); 

Breland and Smith (1974); Cooper and Greiner (1971) and Nazzaro. 
et al. , (1972) have explored the impact of PSI on student 
learning while Block (1972); Kersh (1971); Romberg, Shepler and 
King (1970); Anderson (1976); Jones (1974); Wentling (1973) and 
Kaundal (1981) have explored the impact of Bloom's mastery 
learning strategy on the retention of students. But no endeavour 
has been made to compare the effectiveness of these two strategies. 
In the light of this the present study was selected for research. 

5-1 OBJECTIVES 

The following were the objectives of the study : 

i. To compare the immediate retention, measured in the form of 
performance on the summatlve criterion test of the three 
groups of students; one following instruction 

through Personalized system of instruction; the second through 
Bloom's mastery learning strategy; and the third through 
conventional method of teaching. 

ii. To compare two weeks retention, measured in the form of 
performance on the summative criterion test, of the three grou 
of students; one following instruction through Personalized 
system of inatfuction; the second through Bloom's mastery 
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learning strategy; and the third through conventional 
method of teaching. 

iii. To compare six weeks retention, measured in the form of 
performance on the summative criterion test of the three 
groups of students: one following instruction through 
Personalized system of instruction; the second through 
Bloom's mastery learning strategy; and the third through 
conventional method of teaching. 

5-2 HYPOTHESES 

The hypotheses formulated and tested in the present 

study ore as under: 

i. The immediate retention, measured in the form of performance 
on the summative criterion test of the two groups of students: 
one following instruction through Personalized system of 
instruction and the other through Bloom's mastery learning 
strategy, differs significantly. 

ii. The immediate retention, measured in the form of performance 
on the summative criterion test of the two groups of students: 
one, following instruction through Personalized system of 
instruction and the other through conventional method of 
teaching, differs significantly. 

iii. The immediate retention, measured in the, form of 

performance on the summative criterion test of the‘two groups 
of students* one following instruction through ^astefey 1 
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learning strategy and the other through conventjonal 
method of teaching, differs significantly. 

iv. The two weeks retention, measured in the form of performance 
on the summative criterion test of the two groups of students: 
one following instruction through Personalized system of 
instruction and the other through Bloom's mastery learning 
strategy, differs significantly. 

v. The two weeks retention, measured in the form of performance 
on the summative criterion test of the two groups of 
students: one following instruction through Personalized 
system of instruction and the other through conventional 
method of teaching, differs significantly. 

vi. The two weeks retention, measured in the fnrm of performance 
on the summative criterion test of the two groups of 
students: one following instruction through Bloom's mastery 
learning strategy and the other through conventional method 
of teaching, differs significantly, 

vii. The six weeks retention, measured in the form of performance 
on the summative criterion test of the two groups of students: 
one following instruction through Personalized system of 
instruction and the other through Bloom's mastery learning 
strategy, differs significantly. 

viii. The six weeks retention, measured in the form of performance 
.on the summative criterion test of the two groups of students: 

one following instruction through Personalized system of 
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instruction and the other through conventional method of 
teaching, differs significantly. 

ix. The six weeks retention, measured in the form of performance 
on the summative criterion test, of the two groups of 
students: one following instruction through Bloom's mastery 
learning strategy and the other through conventional method 
of teaching, differs significantly. 

5-3 Ut'LIMI TATI GNS 

i. The study was delimited to the following teaching strategies: 

a. Personalized system of instruction 

b. Bloom's mastery learning strategy 

c. Conventional method of teaching. 

ii. The study was confined to loth grade students of District 
Hamirpur of Himachal *'radesh. 

iii. The study was restricted to the content Heat of Science 
Book I prescribed by Hirnacnal Pradesh Board of School 
Education for 9th and 10th grades. 

5-4 TOOLS USED 

v The following tools were used to achieve the objectives 
formulated for the present study: 

5-4.1 Study Guides 


Eight study guides on the content Heat were develo^pd 
by the investigator himself. The entire content on Heat was * , 
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divided into following eight units: 

i* Heat, its sources/ effects and temperature. 

ii. Differences between heat and temperature, different types 
of thermometers. 

iii. Clinical and Six's maximum and minimum thermometers. 

iv. Different types of scales and their relationship with each 
other. 

v. Calorimetry. 

vi. Calorimeter and specific heat of solids. 

vii. Specific heat of liquids arid precautions observed during 
finding out the specific heat. 

viii. Numericals based on specific heat# thermal capacity and 
water equivalent. 

5-4.2 Formative Tests 

For all the eight units, formative tests and their 
parallel forms were developed by the investigator himself to 
diagnose the learning errors of those who failed to achieve 
mastery and for reinforcing the learning of those who have mastered 
the material . 

5-4.3 Summatlve Criterion test 

A summative criterion test for measuring the retention 
measured in the form of performance of the students wais developed 
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by the investigator himself. The preliminary draft of the test 
was evaluated in terms of (i) criterion difficulty of the test 
items (ii) sensitivity to instructional effect (s) (iii) Reliability 
and (iv) validity, 

5-4.3 General Mental ability test 


For measuring the intelligence of the students, the 
■Group General Mental Ability Test (Hindi Version)' developed by 
S.Jalota (1'J72) was used 0 

5-5 METHODOLOGY AND DESIGN OF THE STUDY 


'Three Groups: Randomized Matched Subjects Design 1 
was used in the present study in which the manipulation of different 
teaching strategies was the Independent variable end performance 
on the summative criterion test was the dependant variable. The 
previous knowledge of the students about the subject matter to 
be taught during experiment and the scores on the intelligence 
test were considered to be the pertinent control variables. The 
intelligence was controlled by adopting the technique of 
subject-to-aubject matching on this variable. The variable of 
previous knowledge about the subject matter, if any, before the 

i 

application of treatments was controlled by using the techniqpe 


of analysis of co-variance 


5-6 SAMPLING 

Three equivalent groups were formed on the bas v l r s,, of 
subject-to-subject matching, on the variable of intelligent 


Sip 
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from a population of 160 students selected from Government 
Higher Secondary School Galore, Distract Hamirpur of Himachal 
Pradesh. It may be mentioned that the difference between the 
means of the groups was zero wuich ensured that the groups were 
equivalent with respect to intelligence. 

5-7 THE EXPERIMENT 

The experiment was conducted in the following four 

phases: 

Phase I 

In the first phase of the experiment, the summative 
criterion test was administered to all the three groups to get 
a measure of the previous knowledge of the students about the 
content Heat to be taught during the experiment. 

Phase II 

In the second phase of the experiment, the groups were 
assigned at random to different teaching strategies. Out of the 
three- groups one group was imparted instruction through 
Personalized system of instruction; the second through Bloom's 
mastery learning strategy; and the third through conventional 
method of teaching. On the completion of all the eight units 
of the selected content matter, the summative criterion test 
was administered to all the three groups to get a measure of 
immediate retention. 

Phase II I 

After the 

weeks was given dur 

' * ,a, ,J *, 



completion ‘ of the second phase,, a j; gap of ;tw 

,iri.g-which no instruction about the selected*#* 

- * ■ 

,v,, iSift**. 

' ;'-v. ' J * jV'.i'V * 
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content matter was provided to any of the groups,, The summative 
criterion test was administered to ail the three groups to get 
a measure of two weeks retention. 

Phase IV 

After six weeks of the completion of instruction of 
the content matter, the summative criterion test was administered 
to get a measure of six weeks retention. 

5-8 ANALYSIS OF DATA 

In the present study the groups were equated on the 
basis of subject-to-subject matcning on die variable of 
intelligence. The pretest scores of the subjects on the summative 
criterion test, which were considered to be pertinent variable 
related to dependant variable , could not be taken into account 
while equating the treatment groups. It was, therefore, thought 
worthwhile to test the significance of differences between means 
of posttest scores of the students on the variable under study 
by using the technique of analysis of co-variance so as to adjust 
the initial mean differences in the pretest scores* if any, of 
the different groups on summative criterion test. 

Before starting with the actual procedure of analysis 
of co-variance, the assumptions of normality, randomness, 
homogeneity, constancy, correlation and regression were tested 
for data. After testing the data for all assumptions, the 
technique of analysis of co-variance was employed to test the 
significance of differences between means of the summative teat 
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scores of the subjects immediately, two weeks and six weeks 
after the completion of the instruction. 

5-9 GENERAL CONCLUSIONS 

In the light of the interpretation nf the results 
of the present study, the following conclusions may be laid down: 

i. The immediate retention, measured in the form of 
performance on the summative criterion test, immediately 
after the ^completion of the instruction of the group 
following Personalized system of Instruction was found tD 
be the same to that of the group taught through Bloom's 
mastery learning strategy. 

ii. ' The immediate retention, measured in the form of performance 

on the summative criterion test of the group taught through 
P3I was found to be superior in comparison to the group 
taught through conventional method. 

iii. The immediate retention, measured in the form of performance 

a 

on the summative criterion test Df the group taught through 
Bloom's mastery learning strategy was found to be superior 
to that of the group taught through conventional method. 

a 

iv. The two weeks retention, measured in the form of performance 
on the summative criterion test, administered two weeks after 
the completion of the instruction, of the grcup following 
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PSI W8S equal to that of the group following Rloom's 
mastery learning strategy. 

v. The two weeks retention, measured in the form of performance 
on the summative criterion test of the group following 
PSI was found to be superior in comparison tD that of 
the group following conventional rnetnod. 

vl. The two weeks retention, measured in the form of performance 
on the summative criterion test of the group following 
Bloom's mastery learning strategy was found to be superior 
to that of the group following conventional teaching. 

vii. The six weeks retention, measured in the form of performance 
on the summative criterion test administered six weeks 
after the completion of the instruction, of the group of 
subjects imparted instruction through PSI was found to be 
equal to that of the group imparted instruction through 
Bloom's mastery learning strategy. 

virii. The six weeks retention, measured in theform of performance 
on the summative criterion test of the group of subjects 
imparted instruction through PSI was found superior to that 
of,the group of subjects imparted instruction through 
conventional method. 

ix. The six weeks retention, measured in the form of performance 
on the summative criterion test of the group of subjects 
imparted instruction through Bloom's mastery learning 

strategy was found to be superior to that of' the group 

* ■ ■ , - * ' (' * > , 

» l • ' , *1' t ' i t , i tv, * 
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imparted instruction through conventional method, 
5-10 EDUCATIONAL IMPLICATIONS 


i. On the basis of the conclusions of the present study 
supported by the findings of the studies by Corey, 

MeMichael and Tremont (1970); Corey, Valente and Shamow 
(1371); Austin and Gilbert (undated); Moore, Hauck and 
Gagne (1973), Anderson and Artinan (1972); Nazsaro et al. 
(1972); Breland and Smith (1974) and McMichael (1974), 
it seems that Personalized system of instruction has a 
positive effect on the immediate and delayed retention of 
the stuuents. In the light of this it may be concluded 
that Personalized system of instruction could be very 
effective to the students as it would help them in retaining 
the material for a long span of time and in 

enhancing'their academic achievement, 

' ii. In the preaent study, it was found that Bloom's mastery 
learning strategy has a positive effect on the immediate 
and delayed retention. Block (1972); Anderson (1973); 
Wentling (1973); Kersh (1971); Romberg, Shepler and King 
(1970); and Kaundal (1981) have found similar results. 
Keeping this in view, it can be concluded that Bloom's 
mastery learning strategy would also help the students in 
retaining the material for a long time and consequently in 
improving their learning outcomes. , 
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iii. The present study reveals that Personalized system of 
instruction and Bloom's mastery learning strategy have 
equal ef'ects on the immediate and delayed retention of 
the students. Thus both these strategies help the students 
equally well in retaining the material for a long time. 

In the light of this it would be worthwhile for a teacher 
to make use of these strategies in classroom situations. 
However, it may be pointed out that the introduction of 
P3I may need a lot of finances, because for every discipline 
additional material in the form of study guides has to be 
prepared. The schools, which can afford to spend some 
extra finances in the preparation of material, can safely 
• make use of this strategy. But, the schools, which can not 
afford extra expenditure, can make use of Bloom's mastery 
learning strategy because this strategy needs an extra 
effort on the part of the teacher and no financial 
implications are involved, 

5-11 SUGGESTIONS FOR FURTHER RESEARCH 


The present study was conducted on a sample of high school 
students only. Similar studies may be conducted at other 
levels also, f 


ii. 


In the present study the effects of PSI and Bloom's mastery 
learning strategy were studied on the variable of r etentlo n 
only. Studies may £e conducted to study the effects of 
these strategies on other cognitive and non-cognitive 
variables-i 


- r,/> 
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in. The present study was carried out for a period of three 

months only. A longitudinal study spread over six months 

to one year may be conducted following the design of the 
present study. 


iv. 


The present 
only. Si-nil 
be conducted 


study was restricted tn a segment of science 
r,r studies on other school subjects may also 
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ofTT^r Proft if qrf^q^ # git *f tstti ^tt arTr 

;-{*fr t fY n*fr ^-sq ptt wrY Y qY tYY t wfk Y stn 
TY ^T *m Y wfr 4DJ qfq if T^rt -fl qfcfqf if qq Tif 

^ *m*r t cit gr- gq- *T qT qqqY pf afrfttfY % ^ ^ t arYr 

*' iTT ^TT tY Tp5 T-^rq rRtf tl sTTY TT^cr t fqr cfnf 

^ ^TofT Y qT arPT Y qriTt JTfftT if rpf fqq^ 5^ cTT 
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>TT ^ ^ ^ FYrrft- *t qY ¥ qY gr g* ipT nmffr t qT 1 

qR^cr qY r rT -r fT 31 ^ fYn ^ cFTITT qqYY ^9 nq ^Tf if ifTf 

^ ' rt ^ ^ rfTt *■ ^ fwt tTHTt ^Tftr ^ 5^ wt qrrfr f qqT 

qY v nr -q^ qT sti'Y qqYY ti 


2- q^^TRl 

tt 3rnf tY tctY Y qr^T^ amr fq^qfWr^q qcjYrq jt ^ 

ttY i* mfi tYY: r- 

i 

1 * it cfr qf 'thtsjt fptfr 1 

2* vff^T Y far^r fYpq wtaT 3 > tip fqt$*r qqr ^rqgrr ^ft 

tYYi 
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3 r vS^ r $ g-vfTcf fYrSfr qqT tf^T cPfa cT^r 1 

4- ?iTqr;T=r qr^wfqt^n 

5' -STTOqT grt?f fqr cfTTRTT Tpft ^cTl’ % a^tf 
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3 - T^t7R_2T^_TT%_|_fpr:_3TgTfqq_^T_ 

T=r cpt ttY t fYq arroY qq-ra fY^T tttit 
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arnr t fV ^ in fWt ntfcRg^tB^^tfrcifitr 
TOY % I f^TOT 3 I*J % Tftf 3 TP qY 3 |tr ^ Ttf ittY trYt 

tY 3ltT 3ITf f"T^ qrff ^rY 1 I^Y ^TTT I'T cp£ t5^ "Y ^T 
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T^‘ ftoY f I ITT-FT ^ ^ t ITTt ^Yt 1Y $Ti ^ W$ qY 

‘eitr Tf ftunY ft c5T5 cFT aRVfg -T3TTI l^Y TO c|rt gpnT ^rl t| 
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qn v5T w ^ tr^j 


oITgtTR Jsffa f m 7 -Ttf f?f5 fcjSJT t fcF ^Sr;T ggrR cfr 
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^ ^ ^ r r? ^ ^rr Tjf% uTTcft-t artT fxm t 

TTI 1 qTriT fc| TffcTtJ qoj fY«&| t 1 ^ '3RTTTT T 3 "! q? t fq \ffSTfT 

^ r J^TT it Sf^rl t ir «3FpY it Trffi ^ITT tIYY tl 
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cl tVSt rft fT tt f=r»fr ti ntfr qttr sreftj ^ artt ^ 
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TOT Y YT vSS*7T TcTO TYfY t Uft mT irr=fY ^Y tjY YdY f 1 

6* TTd.TdPfn»_f^qj^ 
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B “* —■ "■ ^ — » ■“ ““ — "■ —" — ™ ,1 ( 

foif ■tfY $ in’t ai=piTT tYY ^ tt tt to MY 

vS C n 
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^Yft 11 TRn 'WPJ cF cf^T rr^tviR W-\ nTTC ^Tft tl 

V3 ^IJiiJiyi'L 
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TO TjiT TO Y TO ^T uTTefY 11 

>9 1 

5* IPiI5E^- r jflM3i 
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7* TOq 37TO TOt: 
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TSTtf ypS cTO WT TOt STTOf TO tl ufa W Y eTO 
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0- Hltsg.fl?! 
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qft' ddR $ clTRT ^Yl 

qr=ft 75 ^t dd^ ft dcfd ft TRW % dcfd d? dd d^ dldT 

TldT t diq d^ fft 3d nft" dd^ ^IdT d^dt* % dTTdT d^ 
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cl "FRITH cfTFft- c^Rft qR 
f*T f'f^TO Ht?ft 
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TOT 1T| 

Ffl^fr gpvr aft ?iTw=r g-nfr mg ft • srtcfr t g? mi gp^r % 
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111 ^ * fa f^fTT rtTWR 5% gUPTR cmfr 

-Tfg FT PiRT ilt m mt gTX cnTpTTT # gTTc|T I't gt 
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wft TITfr t HT HT FtHt & H "FRITH HTTHT H Ft 

TO| 
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KR^: t fT clPRTH TT=ft cfff HRF t TOT t| 

^ 1 


5* §!?!_'jfElB’Ji 

vTPr^f 3TT=ft ’pHT % 102 ft | 05 HRT TTHTf^H TT$H 

Hlt.ift <fh inj anT|T ^ $ ijTOj ?r apeq-^ 

TT^^ HRilft" 'HTT cfT cff rfafTl gg FT HF HTHHT HTFrf t H*ft" 

nt p; fTT? ¥, pro tt fnr ht ^ ht hbTi to fh 
3ttth- trtoh t grnt tT qfFR srtr fh^ tot s'tftrm to afTwt 
tot t ft htt ft^fr prn ^t tot tt f t nf ^fr ^th ft 

TOf~!fi TTRFft TOqr HRT ^HTf^H TT^H HTF^ ft HT^f F^T 
tft sIFTHHT it TPFT I 




15J 

» 

JJ.I SPIT ^ ifiw WVI 

7 o-3 ft } 5fa ftfai 

i 

m ft tfW 

* 

m„5 oETTFlT ftftTC ft TPfl - TO ^ ip tl 
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2 

i- fen 

vMT-r^T ’vVPf B ifST ftjr ^TiT rfMT BTTHTB "cRT th 

^bTiT * f*pM fBnr T^tB B^rr thtb qti Bbt fB amB fq^ft 
*i TOT ^ 3P*iT BT HtfBB t fB^B ^ ijiff qy BT 

^ ^ T ^ ^TtT T'T tBT BT BTOcF % *:T<T BTTTR c?nB ^| f^fT 
m vS^T BT BT'PfFT BT ^ t BT 3BFT 3RBT f B fBrfr 

'o 

*' ffarfl" TT^f r -fT BTOiT t - '^T: BB TfEfB t*9 IB rpff BT 5TO3? % 
ttt cfV % VB^ ftR fBB^ ^tt ^ %■ b^tt tb b^bT 

^ fcpl cpT tJBBT fBBT BTBT t 3ftT cjTT B^f*9 tTTf Sf 
TT Th# BTt OJfcqER ^ | 

2* gs&E: 

T.i cfr to% B BT5" arnr fTPBfBfqB ttB 

tfVrtl 

1* vESTT B^rr BTTTiTB t” qrrf ft ?*tj tR 3R1T fB^ B^fftl 

2* fBlfT cRB 3r BWTT BT UTTB B fB 1 ? f^R R ^ 

^T TTT: fBg BqrtB I 

3* M^ifTflTT B f»TR f l J=FTT fB^ ^tBl 

a* tFifrfar fun frrs’PB qr btr btB sB fBsr siBtBi 

5- Tit qfr BTitTf^rf B SRtrf BTB $ BTTBfR flcfrTBl 

6* TTt ift ^trftrrt B g^Br btB $ fBB 

7* TT^fT Bt B ^Itri B BTB B ^TIR f^TW BBtBl 

e* cjrt a^frft zff % g^rl^r bt% B bbBBi 

3* ^§_w _ r iHB_^l5_$_E5B_Tf^lC^_?5L 

v 3^?TBV Bt JT~^] ^T% B fBB armT BBTB fBBT BTcIT 

t fB arr^r <3prfr 'T^tb g^r tob htb r ^ to i oe n 107 Tfs^i 

o ® 1 
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-ft TO1T -i ^Ipr 7t xto ttS[ *r amnrt m =*f5=mf srm arrofr 


TfTTTT'a' H cTT TT> t frpj 3fTfTt t^g - 106 q 

artr pi^t '.if.jt <fr tt pfr ti ps rn^ fl¬ 
y-pa TTt t qTrft ! nfi- TTTPT rrtnfr | 


107 t v3lPcl r TTrl cpBf 
? ° 

^ V3^^ft eSt 


4* TOTf TRi PTO '.TTprfl- 


4* 1 vJT 7 T cmr cIT-PPP ** TOT 


cftt Harr aTPTT Y 

I HMfVlfY^ OT tIT 

vF“TT I 

I ciP-mTq 

I* TT 4,r HllYlT TTO t TOt 

1 • TT" fTTft Tf^q-T ^fT T^TTT 

V.TTT 'C v T r rf qr TOT qrr | 

eft mT ti 

CiHH'l TtaT t [ 1 

• 

2* 'K <f^ -4T CfcTlf TT TT tl 

2- W tWr TO f 3FPT TV Tifq Eift 


1 arcTF^T qrlTTlT t| 

3* TvTTt 1pK r Y' Y‘ TOfft t| 

[ 3* -^ITY aprfT t TTTrt t* 


TiT^Tir.wnr 3rrf^ i 

4* ar to YY vlTfci.qpPT^ 

[ 4* ^ TO *ft T(^ftl p qTTrnR q?rr 

Tiarr ’JTjjf^l ifT ?1^T tl j 

1 'JcjrfeT TT f^ qtT 11 

5* TTf") V 7TT TrnP TT TOT t| 

| 5 * J TeT vJPTT TT THT^ 11 


A" 2 T?gJiI 

wplT fp l IT$T qriiT TT TTT t fp cTPPTR f¥fT c[?g % XT^PT 

m «tT ttsit %i nTemna: frrft % tTO pt 

T 'T5[T TT PT 1TTY qpT <TTPIT yfT TOT f TT TT SFFfl" TTff^T TT 

Ptttt fcnrro TtY eft T^cl -cjzrPfa Tt ^tt ^ to # aTPTO tt 
Pf TTT ifT ^Tfr tl IT fTRfaf*£I g^TJT t TT?I t\ 

IF^rr: ifti rf^rr v\ "*r, a^rr 'V tYi ^ t *T TT=fY p 

^fVrr g ** ^^tjtt ttYT ^rr cTYtt t ?r spst ttYV toYi arr^r sfn? 

TTq i/T ai'ggY T ^ rf*TT 3"rf HV 3Y ^ afrjcfl" cfTTT T ft 
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srfwz\ eg? to to «rt tT cftcR- s T ^ ST f^, 



*r 3r 

aig 3TPT tt$\ f?F a |Tif tH"*} cfPt - afjjpfl' cf>t juft TW^f effe5T dp tf ?fTj tj^tjTT 
l TFft' W&T c^pHcfT t aftr 1T8T afrpft* qh~ j^t r T^r eftcR tj ^ 

Tto t m' <tot ti ^ -fr cfter *r rrft- i^ift to *r 

jrf ria.fr 5^'T 3ft ut TOT t<3 

w ^ $ w % f% tt?! ft ftsfl- ara it awara ^t tot 

a§T aa waT fri aa ■?*: f 1 ’ cfe # 1 * tfT ■?i7 sto 3t aaaa ■ft raaT 

4 

t tto ^ TOrfT ctt?t ft $v?°t *srr ft srnz, 3 ft c^ rpff 
srj^ ?Nti 

^nfftfqri ^TrroTf ft t fi* ftsfi- to <ft ^ ?nfr 

o 

cItwpt ft f m tn tt f=ifr tz i isffcrc fftftft 

to cj;T wfr ?ra°r cTFRiTi urnft ft ffcrc r^i ^ ^tt ft to cft ^Rtn 
3Rcl V ftfft MTifjftrr q^rt tl ^Rt =TO? ft a^fiffeT tef ftflT TO t 
fftft <*TTT cTCgflV q?T clTiTTO TOT TOT tl fERTR 3ft* 3S ^TT^T frffift 
TOT TO mj ftT-TTO TO TOT t gTfthtfft ^’Rff tl 

4*3 

gjpf ^ 'T Tf ^TTT ft t] TTx[ urt t* p fTOfft- 

P3fl l JTTT ' a? t:- 

I • TTTT qrWtTT 
2* TOt^T ^fiftfT 
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3* TOcYY 

4* fYsra ^lYYrr 

-o 

vffiTYY v?p vjp-j'fjfTci <T tT TIcTcf CTTYpY c|afr 'j^fVld 2^"f41 dT 
mt TT ^YfTcR t1 

4* 4 ^YY£T Jjf. : 

■$ T Y rm fY YrY to cfT tt 4 f^rr tot t ctY 

sa 

cTPrTO cfS- TOT tl SR TO TT rlTTTO TOT t ?Y TOT 3TFTO *Y 
cJ3T TOT % [ TTTT -QfT tilfftY" Y Tr4Y irf ERfl t clY YY cITWR TOT 

i i 

TOT t TTTt BYYY $ fYBTTT CRF TO m B^clf t ?nTO TOY qcftrft 

*r r rr4Y i*t tot ti Y srt TOci=r Y ^Ycfr t citwr 
^ 'nr TO^i ti Ytot tost ^twr TOtt sw tort gtrto 
TOti ^?Y fvi<rm YY ^TOY^t ciTO * ^rtn TO ti ^Bt stTO 
in in? ,-^i TO t fY "£cr tY TO c nr feet t" % f^ro bt qqfTOr 
tto TO ti 

TTt tt TOTO qjjfTOrT *r TOt TOt tot ti 

fTOTOp ipfr Y cftt^j Tot t: - 

| • m aTTx'fTYt Y ^ TOSJT ^- r TOf TTcFT t1 

2 m clqT P,TOTT TtY % ^TT 0 ? TOT TOT TOTfT Y TO 

ft 5 rS’T ^T TOT t| 

3* ttr* ,irfa YY TO - ^Y ftcrrrT gY tY<bt TO* titIT ti 

4 * 71$ ^rT cR" g^r( 3RJT t1 

5* '4¥ ?YtY YY vJP^fl" TO TOP T Y TOT tl 

6* TO>T ’JTOT *TRT*I ^MT ^ SPTPT tl 

TOT ftTO -39°C cT*fl" ^tTO 357° C% TOW TOT 
rpEiY^T TOf Y T* -39° C Y 35 7°C $ TO rlTTBT^T 

ti 


7 * 
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4* 6 Tjftf JT^1't*_TElllLiJ TTft % cFTTT, 

■•T^fr 0 oit '.Mt w amrpfr ft fro tot t„ grt it Mrt^r- 
tT * ’SpTm itfT tt Ttjrl ti n* fTOfTrf^ % epttt %:- 

1* TTO* ft TTO W TH TFft ft TOPfT ft ^ TCT 

TTT TOT 11 • 

2* ^FFT ^TTT m qr-R ^ t| 

3* 7 TCi ^(■H ftt f^HTTT % vTT^r ufTrfT t cfe-lT TflHT 

TT ftflT tl 

4- fnlTR- vKCTiT flf 8ff ft TTO *RF Lfteft ¥fr 3PTT ft 

taT f | * 

5* 5-nr o°c ’nr th tot t ti^t ioo 0c hf sriqft th to t t 
t. if* p: to ftft tt nroft ftftq tnf^r o° eft ioo°c 
vrF tithtr ftsf ^i 

TOtlH ft Tprf $ cFTTDT 1TITT a^fjftrrT ft ^Vt 

fft-MT TOT fr:- 

I* T¥ -I I2° c T TT TOT t ^fcTO -39°c ft TT TTTOR 

ft Eft ft fTO TTO ’J-ftTf cF^ t\ 

2 ' TOftcH tt ft*rnr rrft ftft arfrerr arf^ t, m arf^ ^jTgft ti 

3' tfSJ Xfp 'TOT & TiqT ftf-TfpT =pft ft TOTftft ft OTT 

TT TOT ll 

4* ^ ITT TOTH TOft ft fTR TTt ftft arTftSTT TO TT SFftT 

■ «* 

ftft toh ^ftrff 11 

TOt^Tf fcFifrfHT ft ITT 78° c ft TO TTOTT ^ ft^f TTcl 

- t Ttrfr ^rc 78° c tt sqqft ttt ^tt 1 1 

5* 

TO'ft aurft TOT ft TO 106 q 107 cT^T TO 1 ^^ TOR 

O 8 
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^ V i:frl aw * TOft t vfrftr * ^ ^ ^ 

^ TO TT't Ml 3 R ;;i! ^ t ft 3 fofr ^ 

^ !JH fi faSf t, JR R r?m Tpj fr qj lff\ arrq- ^ 4 Tc^ 

^ 7t ,if! ^ <wr r r -dT joftpn m TO T t ft m 

f^ft T jn TT TOT ^ v ORRi} t jfr 3Tft JR #1 ftrgfro TOPjt $t 


TCP 



'JO-1 3RT d?JT ATRiR if TO ft cR Jf? 3RRfTif^| 

* 

JO-2 TO ?FT cTTOTT ^ $ fro fw TO ?T tprtjj 
JO-3 l? thfar ft 'jTTTt * TO fdf^[ 

jo-4 jftftor fro Pm r ^ ti 
jo-5 >rrt Tt ififi^nt * 'pfy ^ to 

jo-6 irrfr 5t MJiTfftert * ptif ^ ^ t 9 

JO-7 Wfel Tt iflfjffefT ft Jiltj TT% % qrTR fpfqt| 
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i • 

3TPT% Y-TBipfl YYfY "5^ 1-rST fT 3PTT rl^T FTTRT^ i? 'qpTT ■ 
3FBT t"\ ?n T n : !"PT, TiT fY fYtfY TTF Y Tpi^tpr STgq; tut t B 
Sjrt Y^% Y f VFZ IT a^iTfYYsT TT l jTtr TTrl 'I’l TTTT 3lfe^T ^frflTTY 

'JuTrf fV-IT ^TT^T % \ T3& f T ' cT^Fi YYT FTTTl T TTfT 35 7°C ^ ^ 
^ -1*1 TC -3*9: TT ^pTi UTTFT t YY^f TT cTTTTTT Yl|Y Y fYfS 

tt ^tYt "l*i ^Tfr tt tpifrfmrf grtr ^°[* 

fVfT oTT ^TtfT ^Yfi "T? 0 °C qrr ^r; OTTFT t rft|T |00°C qr tfepY 
tsft 11 -arnr^f Yw tYtt fr Ttf ■oqfYp cfr^TT t^it % nt 
3TncJ' r hYt TYrfY % tT qTjfrftZT TTTTcl Y*| gr? TT FTTJTR tT 
•tfrm cft-iT TTcI Tt cjrr: FITIT %| <?T YYTf t)’ it op MTfrfYrrf* % 

crTt ^ 'r2ftr YYtft i jtYt iT cTTtttt f^tT ctr? ^ lY fw Y 

T ~s5TcP cf ’"■^TTcrfT cTTTTTT Y^sfY Y fYjti fq^T wTPflT % | 

2* 

VT ^FTf 5 Ft T^% % TT^TF TTT f=Tt=ffYrf^ T^Y^R 
ttY Y -g- 8 ^: - 

1 ■ srrqgYY rfiIMYft YY ^rfTHWr fm nYYi 

2- ^Tcf^YY qrtYYsT YY cTTTcr tt f^r hPsh cRfa frg 

viiYYi 

3* sTqrfC ^rf^ ftd T YY ttY ^ttYY tt <rfp eft ttYYi 

4 * 3T^tY t^tYYer tt ^tYt ttY h^t YY rfraerrf ^tT gmYY 

' ^TfTtJ vP^PT ^p fpT?| ^irYYl 

4 ' 

5* frpTT Y rirrcTT cI^fT ^fift^T YY TT 

rrf?F gofsifoT^ rriTY i - 

.* i f < 

fwr Y TirrcfT cImt a^ifYtYT YY ttY gtrrYY tt 
tt ^tYYi 


6 * 
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^ muTOtt eft t 

3' ^IE-!II23 JSS.I fiTC TOTf^cl ^rj • 

W'?*?*# vJ^tJtyll* ^T JTRI #' f^PZ arrot HSTTcT ,f?qT, 
fc fr smr *T=fi* "fereTH cfr tof ^ f ^ (07 ^ l09 

^ qfcrci tot t ■?* T ci?t gro er% 3 armt ® eppsTnf 
arr^i arrq^t iw gtf^yTnf tt sft^t % ?m q^ arVr HTrrft' g>d i f ci ri 
% w ^*T s?t T«a1 %■ i srs TTp^ft" o^?p1* ^t' g~p<i 
cFT^f *f aiTOfl- Tft ^TOT gr^ft-j 

4 * rai^a-TRg^nift: 

4* I 5IH2i-HI-3$^19JS3lSSIi 

3Tc£T ^Trr Ttnt cFT ctTTTO W ^ f&pz f^ a^fl^T 
^ ^ ^T^ft softer ^rr ^ft=f^f tjqfjfrrr t*i 

^ t n^rr^' ^t £ toT^r tt srrerrf^ rtaT ti 

* 

4* 2 cfTra^ 

^ ^ ^ r.Tffo fr^ ^Tfr ^ft ^t sr=rr ^Tfit 11 

ft5^ v5FfT vT rlcfT ’RcfT ?WR tfoT *1 TOT t® f&TT SRT tfRTT t 
W ^Tt fftfr TT 15S$ ^TOTT efTST c^jT t| <m% TTTT sfTT 
I^T itrlT $ l, qvcf % tffcfT \5TT ^ S"RT ThclT t fafftfr fqr 

^HTT Tjrff ^ ^ e?tT —-'----—— 


( ~ T . ' 1 .■ 

V— 'iia~ : ~"“ 


• I f ;11 . -)> j ■ * i * i -jj n 11iT* 1 ■ 1 1 ■'■ ■■ i ^ 1 1 t'l !l T 1 1 Hl f ■' *; _ . 

-iSS _aM -~.~ 


, ,; ; •■ ^rsfc^r 2|qf#lx 
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^TTcfT ^ I >R -d IT (5°^. Y TTTT q?q fYqjgqT t eft qt| TT q ^YI 
^ ^IvlT Yl TTTT qYY f q^T qT q^Y qx T^eTT % cfqT efTWR 
5ffr ftFETT yfT TOT tl Tv! VT 95°F Y | |0°F qT 35 ^ Y 4 3 °c 

Ppt ^trf t* cl^TT Jc% aRT 5 fcjtt HT3fT f cteT ^IcfT 11 gepTT 
O'2° rlcF TfT^TR TTTT qT Sl^clT %l t^» ’oqf^ft ^T cfTWTT 

98*4°F ^T 36*9°C rfaT fcl fsRfl* *5qfcfcl qltpTR 95° F qT 35 °C 

Y 3W W I Io°f qT 439: Y afepu irt TO qY aqgft T^q ut TOY %i 

« *» 

SPlT T^sq rpT q’TPTR 98* 4° F qT 3 6*9° c Y c?q ft YY r^pq qrt 
qtYt Tteft t ciqT Tfftr 98* 4° F qT 36-9° c Y qffeft *t qY ^qTT TlcfT 

t| 

4*3 fiSEnsOx 

W\ fhffft TOTO 3>T cfTTTTq ¥t YY TOTOt $t efTY 
TTtt Y TOt WtfT fTO qTefT t efTfY TTTT 95°* qT 35° c cP 3cIT 
qTQ | TTt grt TO 3?f7TY t elK qqfiYcTT % TO ^Y- TOY cfY TO 
% TO W TOT Yl TOf *. cT TTnYY efT TlTWq £qY $ fTO q^TTOr 
qrt qqq t TO TUT qTBT 1 1 iq aicTfMT Y qTTTO H^t TO* TOT t 
qqT cqrrHrr |° cjm ir wTRTT 1 1 qqfTOr t TO sY qpfTOT TT fqfa 
f3 qxq cfa TO ^T qFM % ^ TT FlTTOq Ytr f^IT TOT tl 

4*4 unsitsii 

3 T^ft qFiWrer ^t gqtn ^rt t ftm fq^qfYf^ Trrourr- 
f' ^tt «3i^q toYY wTfr?: - 

l* ^RcFT ijqYq c^tY Y q'sY ^tY TrYt Y qtrr qTfr?i , 

2* S^FlfrYeT cf^Y FRTTY Y TfY TTTT 95°P 35° C 

eftjj q \jd TTTT qTf^l 

^i’frYzr g»t q fr 'T^ttt w ifyy ^rtr q ^t c ttYY Y 
Sftqt qrfyq i 


3 * 






4’ 


qrr OT T FT ^ aign7 mT=\T TlfTJl 

5* ^frprrr Tt ^Tp-% % qr^ 3 $ ^t 3[ TFft $ itfqnr 

^ ?! 1W-\T ^Tfr^l 

6* ^ifrfTCT Tt "fterT cJJT TCTT ^tr^I 


4*5 

ftFft MVttf qqq ^ ^TTf r^T 3~S^clT ^fT clTcrTOr 

fh ?rn f*W % TOrl* qq-fj fld T ^T gtrtq q?Trt 


cittci^: 

MMMHH M* 

t$F gfttr iff ^ U cfj- ^ Ejff Tlrff %| ^Fff ^ ^ 
fflt L TT CRH ^ TOTT EpT ^ TO* cP*T ^ft ftft WT ^ qlTT cRefB 
¥f?IT t| qtff *‘c 3 d cRF TTTT HTT tlclT t| fmft ^ft *f afhr B 

cT^cI $ qjg HTTT EFt $t3J <*T tr^t^ HTT tfffiT t| ^fT *f T*q"fa jjre 0 ^ 
ft st f^*?F 1 1 aqT 1 2 ?^r t*i t=t fq^T ^ to *ff TOfqqi' 
wff rtift t\ TTt % f$my% $ 3jqr ^ f qqpg TOfqqr r^* 




ffcftCT 35T ^^criq cfqT •q^clT qqfffcTT 1 
q^f* GrfT^r t\ crrq^RTq ^fr $ ?wr 

?nwR gr# qff $ tst tot ti qff qr P^ ^ ^ 

®s ** , ' < 
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fto q-rft t\ 

4*6 Tjl25ltfY: 

^rfffltT tY M»*i$ ft ftqTT ft TfTST c^T f^T ^TRIT % | qq£[ 
THft fTfTTft tT 3PT0TR g ^ ^ ^'TOT ft TTt ft qq TT FfTTT WIT 
%1 qq cfTT 37 iT^T ^rlT % efT qft c|Tq ftY Te^tlFf J[A ^tTT ^?Tcft tl ^Te? 
ttY t?Y ^-Tf ^Ffr ft &^r ftftY ti TTt cft ^ emf ant ft tt^r fWr * 
GTYt TTf ^Yt 3ET ^SciT t 3 l g 3ft WTT ?#^T %1 q^cfTWR 

^sft TTlcTT % cfY TTTT fttft afTft (TOT %■ TTT] T^cT^F [ g^f TT TfcfT 
fl I 2 ft fftt ftY Tsft ft ^fTOT cfTTTR TO TtelT %l qq TO 

efrT rlTF'TT qrr iftft qqqT % rlY qft qTeT ^Y Twt^eT c5Tjf|“ ¥Y<TT ftfciwft 
TOTcfr t H^ft TTTT cent qftY ft Wcfi TOT t| TTt TT cTT?f qtr ft 
Yft PTOT t qtr qTf 3Thr ft \5TT TOT 1 1 Tl^T I ( TTt ft qq ft 
7TT21 3TT T5cfT 11 Zfpf qftY ft ftftcPF I t 3FT fTOT fftTT g*} ft cR 
efTTTO cfeflcfT %| feTT ^TrCTO cfTTTR TO ft TTTO f=^T$T 
ftV qTcRTq TOT ftY qrranT ft TTt ft qq ft TmT fqqT fT^TT TOT 11 

4' 7 TTTTO 

^T-lcFT ^TTtq fftftt fTfTO TOT ft TO cFT 3lf TOT cf^T 
flTTTrpT ftqft ft fTO fftTT qTcTT t| 

5* arRrnTOTtp^: 

anrft TOY tot ft Tsq i07 ft io<? qr t^tt totTO tt^t 
TTnrjjt T£ fttl ^ 3TTTT ftt TTftY t fft VI ft TOTT ft 3fTTft 

TT^q TTm^ft- TTT TT ftt TNtl 3fg IT T? TTTTT ftTTft ’f fft ft T^ft 
T^TFT qt ft ftfft tit t, 1 JTTf TT fqT tjh f TfT T^t| 3fTT ITT 

'3TTctt TT^Tcrq ft grqft tY Tfsr ef^rr tot ^YfqTi m ^toY tot 

cv ^ i 

• * 1 ' 

t fft 3 [tt fftftY TO ^t TOT ftft ft airoS f qY ^ftY TO $ 
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-4 


ZVrt *nftT if TOT ft flpfr ^ ^ g^. 

^ ^ T, ^ T ‘ Tt ^ *' ^ * ciTWR *t HH* * f*l 

*' ^ ^ * T *** ^ * ?* ^-W^t ^ Vi ^Wer w 

* a *J* rtJT <£* 3fiT tTT *wna 

^ 75T " raT HT ' ,r fr 5nrirr 3I ' raT * 3 m ^ frtiT% 5T w *, ^ T ^ ^ 

ifrTV *f gjimr * *i ^ 

^ V ?ivr 5 T“ TWT TITEI-tRT t| fV=T PiT=I TOPTrat % ^ z^ 3,7^, 

Pt m NtV efT jjHt ^itV V cfetit arr ^t Vi 

2* 

xitrnfTttt* WTT^ amr f=n^p3f, 3^ gr* cftV 

*1 vto Tt'S’r:- 


STHTR *rrrt * fta fV^r f^ ^rr % *r-rV * ttc 
fwtfri 

f*r^ c j^tt # ^Trf* % araPsgnrt $ f&njft^i 
^rert fg^ qft rffx^nsjT f^r^rr^r j 
3*4 ftr^ eft* qftHTsrr twr^n 

tpr 8^ J TfiftST c^l" wT"T^ ifr f^n? TfQ - 

?fr -smsm an- ■ 

ftr^'fy^r farnt *r ^Rim ^ arerr ffens w stcf fw 

fprar ^t?r i * * 

faf^r fn^r t^TTf ?ft ir P ^^ f n rfqn tft ?iTf 

& flcl i'S' cT^T qTFftiT^cr *f TOT“6^T 

--- = F -52 

IOQ |80 
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; -T rtlTT WT ^TcT~£|rlT 

_C_ R 

100 80 

t t '+rr%T^r nan Tpfr . 

-J--32 „ __ R __ 

I S0‘ 80 

8‘ nTTR^Tait qft <WTtfrlT t{ fV=f nTT3F9T3rt* t? 

■CT7 trfRT qrt *T to nqrffii 

'** 1 xi^T-'if n?t 5"nq t f*rc arrot nro f^T tot 
t Pr> arrr fr-fr Ttor <ft t Rt 1 t i" 3? ^ 109 n^T no qfg-qi 
^ tot t it zsfrrnr Tt g-na *r arrwt m torT armi 
^f T.ffc'-fnf Tt <TT TT% :> f^rq fTOfnfqq TT$T nTTJfr 5*t «rr 7*t *1 
;, tct tt^ t ;fP3ft r=r q^rpT Tt ^rra tt% * armft niror tWi 

4* iraifgajnag^mjja: 

4* I 

TO TT cITH^R TWt $ f&P? f TOfqf qT ttr^tt ^- 
I * TT vfTft-TRT rTTjTf 

2* l ftT%TS2- TiTq^Tj 

3* TZJ7T T’Ttrjn 

4* TijqTJTf 

4*2 _§Pg®5TTf_: 

fro ^ftt t ^TroT t srqf^T^r frofrf^ I*:- 

1 * SSEiiJ3I J^iDj2I§_5lH35 : 

in TTTcpi TT afTOTT TcfiTO t ^TTFTT % 

fr'TT vfr\ ift Snfwn tt^ ^ t*i mrT gntn ^mtf=r 
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qtq f\ 

2* 5I®IE-II3E'* 

’-hi -feTT? TO^r uptft % ^Tf^F TT%TTO ^ qTRT afT «3ftT 
vJ"“*^T t ; TPR MT Ttf TTTiJT qrf TP". TT%TfcT TlTTHfT 1 T3T| 

3 . t^TT T'-pjSjra; 

V toi^t g^ni % ^rarP^? wnr % error mti ^ttt 
Iffa t* tl ; ‘ 

4- tqfcH Tmrcjri: 

7'TPJT qrf r^fcPT 5f 9JT ftpsrr «*T| 

4*3 3St^ES55 

^ TiTTjr *T qfift fq“^ qrt ^ TOT t ftm qr 

ntf fim^r TOft t ^t Tpfr tot ti gg q*£ ftiqi t$f f°r q7wr=r qr 
r rr frWt t Htrr ^ cir-rrr=T gq to ^ ^ ^t tot fq 

^TR°f ^ Freer q vjrnzi ^crftr a^Hdc $ to qrt Froct q<£ $ w TO: 
clt TTTT fq^SHT $ 3ftT fTIcFT qq =fft fqTBT %I TT TO qq ajqftfkT 
% TO eft ftnpfrl qtf it T"RT TOT t clt TTTT ^ ft rW TT 3*fT flcIT 

t 

tl 5FT qfcjt fq“^ cj^ t| 

4*4* ftp*: 

TcF fcf^ g*r crrwR qt ^ tot % fqq qr 

qr^iTOT to to jTTt qrr 760 fqofroj tt mfr aqq*t TOT %i qq 
TT-ft fcTc^q ^ if qt htt wr chwr ftrrr rrft 4 citw-t % 
qTTcfT ftqT ti Tr=g q?q Tpft 3i^ ft qt Tr=ft qr qiwR er 
T tcfT t TT HTT eft q WR *TT TOT t 1 

TJF fro ^rr q TOT tt cfN» t qT TO t ^ f^l fTOTqf^fl 
5 ^W f*r qqct t*i 
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cf. agt ftn<r: 

TT cftTT t* ijp tTfi Wt\ T !TTT fcTT-fTT tpTf ^g ' 4 Efe tfl g 
tfifjtTT ^1 ^ i ajrfrfrrT t cTFcf Tt gcfi % Tqt| f^T cjrt rftT TTT 
cfTT TtSTRitl OTT TTTT IT cflT 0° C ^T EfT TfaT t ?ft f^T IT 

^ffftrx tt iSF&rVrrr^ tftr frit -garr i t 

^ iiHLtSS- 

STT Ttft vfe^ ^WteT Tt TFft % TRT t$ wt % 

fTfT TC[t I ’TTTT Tf^? $ trRTTl aftT ^ TT T? TT 

ft urrwi ^rr fyrr Tt cftT ttt ^tt ^Irrnsiti <fft tt *nr trt 

-^100° OTT fW \;‘ TTT flt ttrifr-flTT TT fgT- Hft fPTT TTT tl 

* 

i i jttt arqt Pfcpij riarr 3*4 fcp^ eft T^rr^T 
^r ?Rf ^Trl T IT fcTIT T3TT aflfiflTT Tft t TT TfTl 

fv-pi fjf=q TlTT^it t? 3f£ft fcf^T rlTT 3^3 fsp^ 

4*. 
tj. - 

i 4 

t-ttjtj ?> arerT ftr^ firafr tt.3^8 o° w 3*4 

frfTf JunCl vWrT TT aftrj 1 00° TT HTT3T TTflT %l fT tIhT $$T % 
i;fc'j T^fTT Tt 100 TTTcTC ^fPlt $! cfTST TTclT %l Tc^T HTT Tt ’’TT 
ft'Tft Tfrl t\ Tt ’JTT: t$f t**. I°C 

^ arssfr ftps 32 ° tfciT t aftr aM ftps 212° *fcrr *1 
^ crftfr ftps-aft’ 3r *ihi tht=? 100 rrrar Knit # srraT t 

O 

^qr htt tT tt fr^fr TT^fif T?ci ^i i^f ^tt*. ^ 
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3* 

^ ^ ^ °° ftps so 0 T^T ti rr ?t=rr 

*r % rw Ttrn 30 citpit T-mf ir crfrr TOT t «tx Hm ? 

w ft’ft T^rr TFft 4, i t' t&fpR* * ,o R ■ 

4* ^ffe3-ITI21^ 

■arr^ % f^, rfr TOTT f^f=r fa . «F*pf|T| cfTqrTR 2 73°C 
^t %i Trrr aTt^n qrf ^ ^ fi muT o° K ht 0 ° A sttt 
■aq^fl Hid ^1 i?T Ti-pryr ^ <lclft frt 5T ftnj 273°c x’tBT t W TTHTT 

jt% afrr %ftm v-prp $ i° $ crrraT xtar %i i?a titr-jp $ 

Trt XT aHPIT* 273°0 cllfT vfnr XT 7 TTHT 7 3 73 °C If^T 't| W 33 ^ 

T^ TIT HTT^ XT rlTHTX x®3 

4- 7 f^_to_^ri?JI.?_L<2g3gr* 

T^TTrc, F mjT R WF mTTOf xt 115^, tRT^TfE- 7W 
TOIT iTi:fr‘teTf T 1 " 'j~RT TTcl t 5piT % =ff8[ f% t? f^JTPTT JR7T t[ 


a Upper fixed point 



03 Common 
o Temperatures 
s 


P?..^L l.^ower Fixed point 


CENTIGRADE 


REAUMUR 


^ ^is -U-p^Tj 7 Sl 100 aftT " T^IX Tfa ^ 80 am 

r. falfa tTTOcJt; *T ! aim = Tfa *F 80 _ afTf 

too 
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-Tijt fr ca^ . ? .805 ^ 

' - 100 ’ 

• • n = -§2£_ 

R 100 

; 4T 


-i<_ - 

80 


—XL 

100 


etfcTTTT, 

T lnT'%TTcr ? J2 l 2-32J ' 80 ^T= WTT *F 80 aftf 

•’* ^"Ffc'nRT *• 1 - ^zfTT T^FT f ---- 3 f^f 

180 

•’•qvrfe-n? Tta Jf 3 p -32 J * = Tqrrrf^ tf 0°J?i2iI afrr 

“ lao 

= ’T^p’T fEFFf T| r 3 $T 

_ 0Ol R z 32j 
180 

* J_i3 2 

iso -Ini) 

lit =1 snn 

_ C_ _ _F = 32_ _ _R 

100 180 80 


v * 


AT - 

80 


’JH step^t wp ^[TtT rpt thni^r *T gssft ^ ftr? 

5 % 

ITOT^HT teft %1 

^rj v?\i Tijcrji] fpV ^rt ckfht it eft in vyrefflfqa 

^rni-epT 4ft ;nrr-iHT tei fi m ^ Vi 


33 T 0 T°t: 





Spit arnrt tst 

c ; f-32 

© 100 180 


t aFFITT C = 30 k 

. - 3 -5 

100 


£_-32 

180 
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'TT 


F -3 2 

ua m — — 

I 80 

IT P-32 a -22 


* « 


F - 


^IriTTT 


100 

54 4 32 = 86 

0 „.Q 


_30_ 

100 

* 180 =54 


30^c = 86 F 


c 

|00 
_30_ 
I 00 


80 

R 


80 


Too“ x 80 - 24 

30°c = 24° R 




20 a p^Trr , T : T 1»T rf^T W;T cTRgrr 

3mt ?n amr ymct ^:- 


__-3g_ = 
180 

3Tf F =20 TT-lPeR 

_20-32 
I 80 
20-32 


C 

100 


C 

100 


c = 100 X 


1 80 


I 2 


= -|00 x ~-£- = -20 = - 6 -s 

100 

«cT: 20°F = -6|- C 


T^fr tjTTT 


f_ z 32, 
I 80 


R 


80 


* R = 80 x 20-32^. _ _ go x — [2 _ _ I6_ 

ISO |80 3 n 

• aicT: 20 U F 


T tr qcrFrti 
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SUB. 

fh :rr cnvfvrc 'UPfeTsr ^ 

ht mcri 

to: fraT Ps arurft i^r: 

--„ _ $ : 32_ 

100 |80 

'jn % arjiTT c = f = x , |jvptt| 

J. _£__ _ ®_-32 

100 180 

JL = _?r32 

5 9 

•■• 9 x s , 5 X- 160 

■TTM = -1 60 

;, x= -AO 

filtlrcj -A0°C cl&rr -A0° PTJF ft tliTi'R Cft Jetr grjft f| 

5 ’ 3ISL'J79!!^I__ 

arnr^r »pfr ttocf ft m 109 cf 110 hmt groTfcB 
unifr tc ?fri "■% am qft- a-nfl-ft. ft; a ffi p Y $ jm if amft tn$=r 
"fTTTfc : (TC "ft 3ft ^jYrfYi aiq ^ an n 1 TT?ft I* fY ft nvft a^ftsp 
at anrwr ft faft jp? ft, ynfl <fr ftre to t aT m*i arm - to arrro 
\tiYh ft ipr-tr ftY tPs^i at? tot ftftrci amr armt jttot % ft; 
TOrfjifr irn .rr mi tft ft arm ft at m yn ft aroP-na Him 
ft TOf w 'jTO'rf 2 ^ Tnrjft ft arft sajr ftt ttftott ft ’rf^ri 
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JO-2 1 hT%T^, T4R ^ ifohl ^T #TO 

hi hi ^ hn ifi p; gqj ^ 

jo-3 # h^ *rr jtfti tot t? 

JO-4 3KJ TPT TOT t? 

jo-5 hs <Jit h ^ hiT Tan - #ffer ^ t sr 

jo-6 ^s, ifcro,’ WT ?fyT TiftfcfTjf ff ajqf h^ 

W 3K? h^ T5f WTC tfcl V, hfHR| 

jo -1 ttj?, 'frte m TTi^f ^ ^t ^nr-spT t, hhn 

jo*6 4 o 0r i irr%T^ m % ^ ^ 
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i "* 0 




fl 

Si 


23 


_ -v i ^ * 7 * T * *F * * 

" : ' ! T V ^ ^ *** 5T ^ t, ^ ^ qT 

** ""T "* * * * ^ ^ 

f 4 p ^ ™* ’’ *"* ^ T *• ^ * ftw ftm, * * wr 

mf ? 8 7T rto, f^ T TOT t TO trr« n m m <*> * ~ 

J 3T-3iT if ttRT ^1 rnft OTtff 11 ” 

2 ‘ s^sei 

ti #jt? Trt >ra* * qm* hit f^p^ ^ 
tt^ % tm t’ffr, x a 

*VT ^WWkT «fr Tfw^r ft* 

3T^:T if #T^qf -f =rp-, aMT rff^^ 

HUT fgfprr JfHT if wn^T frig wWi| 

3fiE1Tsnf ^ T ™ *<r«w ft 

OrTTmfWT HITT vH^STI* $ aPHT f*R| H?Wtj 

3 ' ^H^-Srs.Ii%J.^s.STHif^_ 5 v I : : 

^ ft 5T«b * nrr arTOrt*^ f* qT ^ t 

^•r^ l’*^ 116 « nswqftq, 

?r ^ T * w *t rra *rt * Rro * m Y « rffFrt an, 

^ TO ' 7f ^ * *T wrt * ft* y tfr THJH 

^ * W nrt ht Tift ti -W htt^ n ^, r it 7 r* nr# *r 

aTHf!- HTtjj g,^.. 


3 

*i 

53 

‘8 
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4- ® IBs JII53- 


4-1 TOfMfi iD/j.: 


4 


TO f'lTIjft T^ntut 1 st TC ^ t ftp 3JTO cRT ftffffi ^TER 
t ft in TV gr-opr ft %TT 3cT=T TOt tl fftft TO *T T^lTft TOT 

4 

to% t ftrc to Tt ’rrft ft fff-tR xrrgT *? 3T<ft ¥ fro fwr $ 

TUTOR TT ^TOT TjcpTT ftcT TTcl V i 31 SflcT 3iTO"rf 3 ?stT f Tjf TO 
t tjTO ETTT TTit 3Hcfr tl fcRTH ft gf TOT ftipE# gTTTT fWt 
TO --5 s * 3^TT ft TOT T'Tft gift t, 3$ fftff f tl QT TOtfft l 

o 

cl^ft tl ’--TO ^ 3PTJT ft TT^T t-ttSt % ft^ fvJRT TWf EFT tjTO TO t, 
ft -irrtff trr TO t'l s?Tt ttTO' 5? ^Vftfter tfTO' 


TTTT TO ^ 3TTT ft TOT TiTft SfTcft tl 

o 1 


4* 2 J^I _t±tL 

ff ft to ** 3r t;t ft - tot fTOfpifqa arroiTaff tt f^r 

TOft t; 


'5 

cRq ft \ulrlft arf&F? tTft p TOf . Tffft ft aiP^> 

3F3tt fnfti ^ fTOfgftya ^tn ft fro tt TO t:- 

vftfv t crt TO, fTRft'tffra loo to cImt ,50 to 
t, tft TO; ft fsrft ftftifc cIT Tf TO f TO «0 cP$ t ^?t T fr W 
TOT t fT 100 TO- ^tc^T 50 TO TO’ft H?RT ^1 TOff^ TOTOT 
t! TOf hf fti 5 TOt t ff to *T if^it ft TOT to ft tt 
TO^ r Ttft % 1 gfg 3 ? 3 tt ft tt^t q ?wrr toj ft *Wa m ft fr— 


Q v gc m 

25 to tt rt.ttr: 

K —MM V 3 —* —•—— * 

ffcft TO! TT ftjcRT ^T g l'l J-'TH ftrT vRT*T 3cTft ft #^ 

o 

3 fsr;T ^trft I f£l IT fRrfttr^I yrilTf ft fTO "I - '. 








^ YIY ^-?lt Tfpn Y TO? Y 'qqr ^Y 100° c cl^TT 

Y^iY 7t 30 u rj : r T 3 > TvY 'Y HT^, 7]ifi Y ^Y T? TTjT TRlT t ?|Y IT 

l i’ h 2?*Y tV -v i'Awr tYtt 50 0 c gT Y Tii^r $ c^YY etf fwf?rr ti 

^r. tot YY *;'f<rr to Y citrvft t tt MY P^Mr TOY ti tPt ^to t 

YY TTTO-i ,T'Y r TuTTO t cfY 

o at 


fYf’r irrg YY TO P to TO ^YfY t tTO gTO tt MY 3 ror 
YY vraT f • W t xtY Y r I'Y ^r, PtoYYiTO TOr YY totto $ 

' ITY K' I •** 

■;nr^ ;rrt>i t<tt wti TTmTO Y crt TO, fTOT ^ TO 

"FT rfA-TT TOT 5 ,*Y -I 7T rKT sft, Tt ^ WW erf Y ^?Y TT 
T^ t YY \n: 1 it TO £ fY 'TOf tt TOT ' Y TO Y aifepgcu 
fTfEpficTT t i An: to f tot YY tttt, fro to Y to TO ¥t YY 

° tl l> 

U^fci l i~ r Mr PTO toy ti 


TO yTTT MTT clifT TOTf 3[TpcT TTT% Y f?TC PHF=T 
IPttPtty £ TO ,ttt tt «rrrY Y f\=m *fY ^ptt YY toTOY mr 
gTO TOnt*! Y ’joirfrof t: 

I • tfYTO«t$r* tprrYY 
2« t? 0 YY° y u tmY 
IS Ji^nYY: 

tfYTO*TT # ^tTO *T tot YY <?t YtTO £i Y?rYYt 
TOT rff eft 1-iT^T t uft T0T ttr TTYY EFT rTHTTfR f°c r?^ ^T% ^ 

TTT 6fTq qt ■QT Tfm TTYY efY 1°c TT =ftY w f=wYY ti 'tY 

*tf MY T^rl fl 
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2 5 sst'jSissi-icnSlL 

wfl-cmo tfornfr v oftit <ft «rnf?t fgftn'M*! *f=sr 

?Fg#t ^ B.T.U. $ rpjj- ^ %-| fgfj^ qf=^ gpnT iff 

T'J^T % 3ft TJ$ i r*fe TT^fT =PT cTPTE'R' 1 % ciqr if qjTR 3TP7 £JT 

I qtfe i rpfr e?Y 1 ° F^qr ^ST EH^f qr f^| 

4 ' 4 * II 

ft^tfV ciMT fgjftrr ^ ^ f ^YnqPqa f i 

ftft fqr 

I TY3 = 453*6 ym 

vJtYt I° f = 100/180 s 5/9 °c 

*• I B.T.U. - 453*6 X 5/9 ftriT*"! 

= 252 ftcfrYY 

18 

arprft r r^T fY fqnrft cRri ^ sfrt YY tti^t cprj qfT cl&n 

Tv (ft rlTrUT^T ft Vff&lT ^iT^TRfr ‘S’YcfY tl vSRffa-- , * ■ 

Q Gsm.t 
Q * S,m.t 

s f*&rcfo % ajYr ift to ftY fftrfW T&rrr ^ %*i 

f^rft cpFcI cfr fhf^ 3FRT OT cRrl cpft fWY clTWR ft 

TTTvf cTF n 5 ' qr^Y % fftR. afT^qqr ftY ^TTT tftT ft WR 4 pf 

YY Tfefa q?t cTTWR ft RTRT cIT ^ 3rrft % fYfS 3TT^q^ vSFRT ftY 
T'T^fT -TT 3T : =fnH tl 

YOT fft YY# 3cfT9T ufl” ^T t crag c|ft f^FT 3FRT 3 
ft ^ qrtft ti w qfTHTsrr ft ™tt: 
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* _ TO Tit v°<-: Tjr, Tp-? pr* % ttpstt 

to t n^Tn ttRy pi? t&c a^ Tjif ?fj$r § ftfxr arTcfiifl. ^ctit 

r t lil^TT 

i^T^'T cT 3T-TT Yf 4F Tfr T^TT t TfTJTT°it t FftfVl 

’ o 

Ynf £rr£ ifr v-rcrr t, =ji/ r^i it? tts^rr %i ft aiarra art - ft 

fT*I ' v '" rRF Ht fYTT tfjcl t: 

TO : Vf r; "5 ^FPf Ttefcl <?T aTWR 1°C ^ ^STT^T % fY? 

; I _,__ _‘ 

x rrft ~£\ ^ tft aiTOR ,to § fS? arrcfrqai 
3T' t t rrr ttst 1 c 

^Ti*> eft® Yr«tM‘ ijurrctft *? ^ fqr c i tjtt ttYt arr ai^ro i°c ^ 
cT^tY t f>TU sTTTOTi vJi^iT ?fr TTcTT Yt ^TtYtY rj^ f I TOfY FT *f 

i r 


TLfY mt: 


3 = 


-TTcI Yr #FTf HR rUTTO |°C cW cf5T% % fp|T? 

* arraRE? frt ->Y *;pfr 


f$dTT 


= i rrn; to *tt citti’r i°„ m cmY t ftp? arw^ ^rt 

ft JiT5iT 

an: <r tf ?Tf* Y ft fdfVFF 3ro\ talfYd? ^T^rr 
tft W dTsfT t rqt i Tj-p: TO *iT cTH-FTO 1° c|FTY % ftp? 3|TclTO 

o 1 

t HT ftstffrV t 1 v£ *T ft >T? TOT £ at I tjPI TO f 7 ’* ! ° c rtf? 

stbt ttY : nr f'FSFfifr ti 

RJ) JJTT. ^ItYT HR dTOTH l° u 'dc? TFTt t ftp? I ^VfT 

arcFTTO 1 1 aa: rnff ft fcjfrr^cr ^ 1 T J^’ TT ^ ^ 


o 

E5^ d^aaiY fcf^F ^?T 


TO 


ciTYr 

0 e 09 i 

i iYaa 

0® 0C8 


0*055 











18 8 




TTTT 0*031 

Yrt 0* |90 

1 :■ ^cft TTT fm 0*5 10 

2 J arLI-SlClSI' 

37 1 TYrlTOT ft l ffWYT ?TOY Y fwt arraft T& 
tr-r^n ft Yi 

f cTt'T YYmY ^ ft elTWR cfTPTT TFfT YYl 

m tft-T TTCf ffTT c*t f*3R*r W ft t;T5(T eft TTFfrf^ cliff 

tftt “ft TfttT-r ir fti cffrT 1 rr?f ^rf^rf" fr w qrfr Y tr *t grr 
Trff yY srnfh ft-if toYY nrr cittr'r Yff, w ^rrar ^Yjtti am 
f'l eft'7 to ah* YY irrftY ?ft=r effort Y rntn cft=T effort *7 TFft 

o 

c?T cTPR-'R [VST fV 5 ^ ^YTTI ffog 1 ^IrtT t ff fXR fof^T TOfV 
ft tp.TT TIT51T Y fH^=T 3TO - ft n^T tTft tl 


fTvff TO ft ^TiTefTfriT TO cTTTTO 1° C ^tY % 

g o ° 

fore aricpr-Ri g^:T ft ?n ti G^wfriT, to ft YYfY wr fffF 

v 9 

vS^'T l TT aiTf«ffi tl YmT ff rY TCT - 

Q = m.t. • 

ffo PY f~F o W^'T fY elf T 1T^T t ff 5 fYfffor SP^T TOft TO ft m 
rrffcl :7T efTF* t^tY Y f iTZ arfTO^ 1 1 ^T|T6(TftelT f^"RY Y 
f&rc amr rr; t°c = i°cT$ etr: 

aFnenf^T = m * s ' %: - ft tfitqrjf?itft yt b.t.t|. 

= TO ft ^fYl X fctfYr? 3FHT 
<1 

am ^ TT^ t ff TOJ ft fclfTF? vF^IT TOf ft 5trl TC \F^T 
eniTOT 11 

100 tJTT- ftt Y ffa, fWt fYfW 3F*IT 0*03 1 ftp fT 
^^TerrfYclT 100 x 0*03 1 3* I Y^tft lYfotj ^ft ifoTT 100 7j"m 
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Trff ft" 3 ■ TerrfTilT lOOx i 'IT IOO iiSrhfl- ifTfri 


3 , uHd r n JT*2» 

Ftfft TO t tf 3ffHJT^T TFft eft- tt^T $ % 

fjtfTT rlTP.T'T |°C r(T TJTi ^ STInt ^ 3T^:7 ft STTeFT^T ^TSefT 
t iTO'fr ?~i> vr<f TO "FT ctTVTO |°C ^ ZfcT% %f^x t| cjflt 

f tj-nrfr ft TeJ ^fcl, Tff 37TT ft efft TOT Tcdftfa 
fr r.Tcf'r t) ^ dir Tpy zn tt^t tt TOffd *tt a^tf^ 
(FTclT $, TO ft TOl^Tf TOlTft 11 

T iff ff gift ftJFfr O^HT 3 %, efT 

^v.TTfviti w cTPhtr tf i^ps t°c ^t, ?it: 


’TcTPlf t? ITT vJr^iT W m . 3. t, 

TTTTT *fcfc1 t ippft l*TTT TO-'T ^T*T= w xlxt 

-: Wt 

si^rrf ft i'rfiw £i wt = m.s.t. 

, n , w = m . 3 . 

4*6 iT^jT^Tf^T_gyj_^^l!F_.?_g3Tr®I_ 

TO ft TOTEnlTOT = m - K ‘ 

o 

T^ci TIT = m„S. 

o <s 


/• TO1 ft vF"ilT?|TfTeTT * TO n»T TOV^Tf 

TOf ft ^7~i TfltfdT cfejT dFIcf^nf ^T> ^TT^TT TsTrl %" TT^f '■'TOft 
^ 3 I"tIT IftcIT % I ^ TTETTffflT 37TT ft *T5fT t ^ 

tdtft ’IT frjfe^T ^ l Jtt Tlrf iTl wpEWT=F Sfefcl t tflfpTO 

l£r 7 JTT ZfT fTsf t tpyg- ^| vjQ l 6 T°Tr 4 - 10 ° *JTT ft^ft 

fdfTO \3T‘ T IT 0*03 1 ft \3rTT£f lT WT 3 n I fdl C\ cl^TT TdcT^lTf 
3* 1 TfTT 11 


\ 
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v t Hint jjTjro ___ 0 !i 1 IQ _fr _x jXIL 

■ rPr ^ Vt T T ^ TFfl 'fr TOTTXTfXXT, TTg % TOfgTXTf fr 
ttp n 1 trft ?i i to xfrxr v tit ,<fxt fr? amtf to totY fr to xt 
UlCi3iT-'i-2i-?_t?l_ _, 

u ' ’ 

_ 5 _ 1 XiTJLLX.___ij_ TddTTTfr 

'W ~^T ft *W X7TT fr Xlt* |- TRT irnft nfr Tf fr Xt vsctft 
"IXr] ' f 'T TIT,TO l° c HT fT vFT"T TO'rffx XT XXTfrfxX 

TcT> *■ XI ITiT ''tft fr 1 i TTffr fr fXXXT TO TT r XT c5T5T 

> TTfr XT TOXftfe XT XXffTPxX 

;' TTcfr 11 

., ^ f 

2‘ Tl'l ' ! 7 X;, VT ft iT ; 2‘ TTTT T TXT tjTT XT ftfr fr| 

f-;i TO x |f 'i if e fr 

r. 

—-------_ _ 


5 * ji 

xrA xvfr 'tot 'r^ lie fr 11 e xt txt vtxtTOx xx^x 

• 1 V 3ft' ,IT -'ft' I fiT vTRIT ft" TTcft % TO fr JTPTj f aTTTfr TT^X 

V IT ,-Tfr ax XT ft X'hftl an TTI, XX TTXTT XTXrf fr ft Y Tft T^frTR 
f Ypi -** f<TT TU fr, JTTO1 TT fXX XX fr XT Xfrfl XXf XX XTO 

«<•■ nVf fr i-v ff* :ft >ifcTX aitr xtot xftfxixi xxt anxxV xxxt fr ftp xt 

c% ^ i 

i TO to r ;,t tout frt fr aruTO fr xt xft jtx fr x-rcif-ep XTxft fr 

TEXT XXT iTOTf JX TT$X XT? ft fr xfcTT | XTTTT TXTT frxfr TOXft 
TOT'fXT TfrXTl 

j*-i frxTftfTO ft xfTXTTT ffftRl 

JO-2 frutYftTT ft 'if TXT IT TOTOl 

JO-3 ' fT,ft Tfr 3FIT ft TTXT fVX XTXfr XT fX^T TTcft fr, 

'^enx frfxfqxi 


'JO—4 


frxYft xfr XfwhT ffrlfBR! 
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JO-5 
JO-6 
JO-7 
JO-8 
JO-9 
JO- 10 
JO-| I 


^ l rpTHTB|T 

rr ^ ^ ^ ^ WHT *,. ftrf*, 

f<.iFvrr 3 mit rjft- trp^rrqT Pstfi^i 

«-1 Terrf tot ,fT iffTvnrr f ^ m , * 

qff ilP-jVfTTsrr- , 

^TTerTfTOT tm spgm-fe H w t p^, 

^ w ?T nTsrTP.rrpT-r-T- __. 

^ srrn^T ?fqr ^ er tR 

r^frfcT] 





ft Tf - 6 
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i* ffirj: 

TOTft f'T0 7 ff tfrTf ^ 'hit f'T ffr-ft to f to~t ft tito 

TOfft t T l’* 1 \‘T\ Tl TT yfi ¥ Tft IfifrfmzT Tfft f| mf\ 
Tp ft TT TO H TO ft f'ffF? STTO TT Tfir TO TT cTTTOTO ]°c 
TO "-TOT^T t t‘TO TOTT-iT 3TOT ft TOT t| 7 TT afTTOPT TOT ft TOT 
TTVT TO ft" f - ft] c r TO T fffift %9 TT ^% 7 t f TT ^ TTO°ft" TO 
cl'TO ^ fT ft t -rflTT TO T fTmt ft f^f&T t TTt t f T^ftl 

2* ^tlTJI 

t 1 A Tf^r t 'Fnrrcr tot ijtto to^t 


I* Vwtfftc'T n TfT TT Tffti 

2- fr T’fTO TOT fTOTft t fro fSSTrt ?m TTtJtl 

3* ffttT ’>f f tT-pcT TO T f ; TTOft t fro TTf^rl £RPt to 

i^faTr.irtti \ 

4* 'rfrrfVrci t T ; rf t tott tt fNf ft frftR: tot fTTRft 
t fro fro? TOtti 


3 ‘ PvtlHJH33JPLi ^tLS„ ."C? : 

TT T^tTpt Tt" 'JTO TT% t fTO TOTTt TTTTTO ffTT TOlt 
ff TOT Trft "fTVR ft TOT TOT j" f 1 18 ft 121 TTOTfSTI "ft 
TOT t TT T^t r TOV Tt r JTO Tift f TOTTtTfc? fffcTrf TOT I TOTft 
fT TfTTTf Tt TT TT% t fTO TtJ eftj 'pTfTfTO TTfT TOTjft ft TO 


Tft %| -Tf TOft TT Tt pTO TTft *f TOM ft ftS" TTfaTOT' 

# " ■« 

T"tttl ; - ... 

' \ 

4« ^JIII^L 1 * J- , 







v i i;Fit'Tr c ftTT: 


T :-ft * 3 p,t -ft vrft * ftrc t* <p* ^ 5^ 9 5 
* 1 ^ Ter T^ *| VfK-n^T rfTcf UT ^ ^ ^T t 

^ 1 7 ^ f 1 ^ ' r7rfT ' ^ ^ f^- I I f 3 ^T *T <n% ft ^ 

■jin 1 • -i-i 1 ;■ Qr. d c*> ^ 5P t:.t Tto f^rr t^t ti graTcra^ ft ^qj 

rrf i "T cr- r nrn rh^ > ftnr ViY^n^- rj£ f^ $ cffa 

?rnrnT tfit $ jn^j ’fi r$. 1 rfm ^ tut ^ 

ts’it rq 1 jirit t jl i?t 3 8 <rnrr p f\ ~q uT qti; ruf'Y $ crr ft uTtt 

^ * 



f 7T .2 


TTclT ft i V,T.r v V’, <xt fa jtft t| XT? T$cT 7 V qr^flrT TTTrrTT RTRTT t W 

sqt ffcr ft rift?.?; tt ’fl-ejT •I'hT st^t fti w 

^ ffHl ft TTU Tt ftft TUT^p $ft cTTTUTp ^ ^ ^T 

^rrfft q ktt ufTctT ft gt min ettt eft utt eft j-ft uifT =t 
ut^r ft -cF-rthr uft cfm nft uut Whftftur ft tftt TTf°r ur wft ft1 
4»2 graart -ft f 3fTFU o^rr fftrraft ft fun? fftterrr: 







ujrf 'Pi '-TK1 it $T V ■T^FJ ?l fTrfT fiT7T ^T7 Fit vPTT ttt-^ 

'j 

3°?^ Ft ’. ■ : -^g tt aTnrrn -star t w g^t 

^ flTrr.TR VTCm ft I rTTT nf 'TR T> 30 ^ cRg cl 5 cH 35 tPfcfl- 

TTfft' ^ '.r-f (Ti- I !' !M d'l'HiR TR RT a T>T uTP71 rjif g^R I"TTT 

\9 

T* 3 7;i ^ tf tt -rag t:TTT ’rnf ff ^t,t ^ fittcit ftt %i crt 
FTTrt^lf ^ vin.T t ifTcTT “7 'JTTT t 1 vST^T = FFTT ^Tfl qrT ftlCTT! 

ttr .rei Ttni ti *rt TOTtti tt tisro ti srnr^ % tIt 

VT '"TTl 60 C k TOT 50 ^JT TPft 0° c cfT~r 100 xfl^f TP t % 

NTH TIPF 'ifrr fiqOT TT .lifTO cTPprr fc0c t Fit: 

TJ TU-T = 100 x t 

- 1 T . Tt ( = 50 j GO" tj 

•'* 5'iT ' Wi^T fi ?. tfTJTT 

o 

100 ,, = 50 J 60„t 


t = 50 K 60 __ Qn 0 

“” 50 " ' c 


m: t 1 T7 n cH'.to 20°crtnTi tt! Tnt tt fitpor 0^ t 

20 ^ FIT 'lif tI'T \Tlt TPTT FTTH = [00 x 20 TT 2000 cfattl Tft 
TTfT TT FTTH T 1 60 °c t 20 C C Tt TOT TPfr Tt 3 FTT ¥TfT= 
50 x 40 TT 2000 tit ft Tt [t \ 1 RT TTT t cRTcR" t| 


4 * 3 T tw t_ jt JJ J_f TTTT t jt_f jft 

J'tit Tit f if 77 c r v3T 7! T PTFRt t ftp? Tt TTlfT TT ^Ttn 
TT?I t*| TTt TT fTTilttrT WT FyfTT >ttt2T tl frtWtST TT 
"nt 7 ’j'TIT it Ttrt fT^Ttr 'TPT &TTF7 TT i rT^ ¥^cfT t [ ^TT 

f TTRt t i'TR 'TT^ t tt aitr Tfj Tt Ttrt % cl^fT <\<\C\ tr ^ U 

> TTTTT t Tit Tftt tl TT Tt 7 t tl^TT TPft TftEjj TT TO 

¥tHT tl r^t tifhtTT T^rl %\ ^fhtSTp HTT TT TcfTsf TTT TclTcI t 
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i •if'.’T-'i n. ".T r trraH ) 'prN fccf f^Pspc 3P*it 



O ■ MS ■ 


TT 77 -t ^ <’’M £?i 




PhT 'Qli TOtcTT 5PTFTT TOT t TO 7 TOT 


to to Hi'i m ^ t~t toi PtTOTOt t TOt to tt tP 

o O cs 

77 TT TTT f -T fcT’-IT TOT '>1 W\ flTOTOT *T TTtt Tt it TIT TOT 
<? , 

t ttP TTfi 'TOt tTOVter TO P^TOs 7t ?TOt tot ti ant 
TO Vitft'lrrr *' T rrft to tt iTOt tot ti it Tpft 7T otmTOjw 

tP PtTOT * TO $TOtc7T t TO TT TO tl TP fTOTOfTO Tt TO? 
Tit t f!7T TT ST, ?I 3Tf pTO cf7 PW Tt OT TO TO Tt TOt 

to' i tTOTOrr stt TOt tot ti P^TOs t fro Tt TOt titi 
TOth tot ti op-TTOt t TO tttt Pt3tt it to ti otott TO 

TT ftriT TOT tl 

4’4* tPttPto T ITt t_PTO^_TOT 

"SrfTOa pTOfTOf *w am? 
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■> t= f y 7 it: 

4 7T HIT = m :jj7T 

1-!tft" c 1>TT 4 f'TT^T 4 iTF-ft TrT hT = m 2 TpR-I 
^ rT^p r tf r " r 4 f77t?7 4 TTff 4 cftl 1]^T^ 7T 77T = m 3 tjTX[ 

Vllft'trT 4 irrfr 7 T LjTqfx^ 777 = t ° 

^ . 0 1 
rr 71 ■ fcrr 4 tt RTnrn = t c 

2 q 

m tt vnf- 5 ^, htt.'r = t c 
77 7Tff 77 HTT = (m -m ) jm 

i r fl<{ ’T74 7T HTT = 9C* 3 - m 2 ) 7T7 

1 iT ft t a7'PT7 >i = (t.-t, )°c 

c j jL o 

^ HtsI TCT74 t 71T R,77 * T^t = (t -t ) c 

1 iT f 1‘ 7^ f if 77 c r v5T 7 T = I 
Viftt'fclT ''V f if'TT >37 IT = 0-091 

7 777 tffj 'R 74 ft f jftfT 3 P 7 T = 3 
?)T ( 777 ^ 7,7 7 TP T 7 r T T 7 T 

-T if77 tT: f 'RTTaJ ft \F 77 T *T TTf7 = <■ /r.„ /- m.S.t. 

3x(t 2 “t 3 ) 


•iTft :/r r-iTP T7 tsti 

« 

'TiV'77 ri fr ft 3FTT *7 7TH = rn.^.t. 
)xlx(t -t ) 

21 3 1 = ( m n-roI )(t 3" t l ) 

7i? vS‘ r 7 fTTff'tTT 4 f^FT^T PT7T ft 771 

«a 

-f'rftrX t^t fl 4 H cT ^TTT vJxTT 7TH = m.S.t, 

* (m 1 x o.091x (t 3 -t 1 ) 


f 3r7TT ^ = (m 2 _m l)(t -t 1^X0.091 X (t 3 -t 1 ) 

'iT=cl 3r,TTT fn^TPrl $ aR5TTT 

O 

3TTT Izlfl = 3FTT 77H 
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rjt'.f TcTT' 4 v?7 ~ t it = T rT=nr ci^T YrlYr 1 PrerT i:ttt YT 

■>Tf 3TTT 


. (rn 3“* Kl ’) x3 X(t ? ~ t 3 ) = 


IT 


(m^-m )(t -t.)+m x0.091x(t,-t, 
(•*) ^ ^ J 1 1, 3 

. . “Y m l P-," t. ) Hu xu.091x(t “t ) 
g -— i 1_ 3 1 

j'T'TT I. - . XI: TTT:i t 4 f'lf'T cr vS^TT f^FTRT TRFcl %*] 

TF'lt TT Yf f 'T?Tpr-ffqaUcf TTTDT 3 r 


itt (5tviT T'°r f'-ifrr cr v5r _i it f ttttY T frrf T Tci ttt 

f--nYi ~\\iTi t': 

4 VtYT'T FT HTT = 25 ^itt 

YriYT' , Te r 4 f f.Yttt 4 'rrfr tt *ttt = 50 tjtt 

>,Tt^YYdr 4 1" rrf’T 4 'rrfr 4 Ytn 'nrYf tt ^rnr = 100 tjth 

VrfT ;f '/T# 1- ? TlTrTTT = 20 °c 

v-rfi -iiT 'jT^t cHTt.'R = 1 ooc 

f 7 TT cTTRiTT = i 30 ° c 


■iTfl" TT HTT ~ j]50-25 jj = 25 UTT 
Tt‘f TT *TTT -- E‘C>0-50g = 50 TjTrf 

MTfr -> rfTTT.TT = j|30-20jj = |0°c 

ctI'j 'FcZTzfi ^ r,TP:T=i ■?' tYt = Ji 00-30 |j = 70° c 
ttYt ft fcifrrr orrT = i 
YYtYYYrT ft f^ t-!T= 0*091 

7 TTT tY f TfTFcr - 3 

-tfTU ^T*Jf fc'TTT v3T^'T YTfT = m.S.t. 

s 50 » 3 * 70 

= 35003 
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'iTfr - ft - r V 7 T ** FHV = m.i.t. 

= 25x | x | 0 
= 250 

r *■ ftt*= m .*i.i-. 

= 25x0* 091 x|0 


- 2-2 75 


57 vi) ^ T r-TTH = 250 + 2 *2 75 

= 252-2 75 

'■TtI ^ f.^-prl <ir TOTT 

v 5 0 

cTPT = \3T T -(T ¥Tf^T 

2 52-2 75 = 3500oS 


5 ' = 25212 75 
3500- 3 

= 0-07 

•0R=r: (?tvl TR1 Tt- fqf^ ^ttiT 0-07 11 


5* ’ 

aiTr*r ^Rri t % 118 fi 121 ^ w n^r ftpr^ 

tc i ^ft ■ nr <sfW ft uTTcfr t fr arrc^ ^TpT % tT tf^t 

vTTTTfl- Tre TT nfr TTbfh 3FI "?ri "Tf TRTT £ far ^ 77*fT , 

a^JTP-7 3rV ‘77$ ^ fq-X? Tp? 5"TO TT fax? 7|X? ^ ^RfT I 3fTT W * 

OfTcT!-T ; -?qr^=f % tnrrT tT ’Tfgx? rf^TT TT7T aplT anwt - TOT 

t fr arrr farfa r jT5 tt jfa ?-T aEroJf i* cit arnr sxf) - tpr ft V; 
'n<Tf^ep TT^=f TTrrft cfT TOcK rf^fT TT^f Tfl^pfr ft ^fs^I 

afPTTT TO<]fa ^ft" $WT [ 
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5 it fi f ffJ F:T fwft i fat TrtiT fifai 
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STUDY GUIDE 
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Supervisor: Prepared by: 

Dr. Lokesh Koul Romesh Chand 

Prof., Head & Dean Research Scholar 
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ifjTf , 7 . 


i* '^jrvrr: 


# ^ ^ - , Tnrr nir ^ 

* f.TC ;» <£t -rrrr ttT f ^ ^ , *, „J" ^ T f=OT,;! ' 

*, r ;' ,r; P r * " *™r. «.**«*„ 

Zh f Z f R * ,T » f« ™ W ftftK „ T 

^ T "T'^ ^ ’’ ;ft r, T wfrrr TO=fr ^imi 

2 ' KtlHi 


!?l 


> -. 


, m m: f5Tf ’* ^ ^ f=TI '^ man jr^ 

;i r ft 1 fr ort^T, ff^r ^, T * *p^ ^ ^ ^ 

2^?fJ_l[TTa_JT3_J_^5_ij7fj7f5H_5ij ; 

^ ^ ^ * frrc rmf Jung f^j T ^ T * 

'I "™ T ) ” ® 5 hTlf ’ * 5 ™ ** ** ^TOFt $, crf*^f aTC| fjtrff 
T,J 7115 7Tf 7t ^ ^ * ftw f? air JiTRjfl- J^nfga q™ jtr= 

«s?1 ^'M' yt jn?I 7T^ f arnTTT Tft 5FTFTOT iFtifrl 






4 1 '£g\ 1 fga jXIu J_ u Trft 
4* i viT iXLClT it vjV' t t; 
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^<rT r ’t ffltVfcT 3T 7 iT fm^f t ftp? ft|4f ^ Ft f^i xF^T 
t TFT T tt vT> VT '10d; ^ TTTT TTrfT 11 Tit T f^f tFtt t » -f l~ d T artT 
fFTltST Tt rltTT FT1TIT % | ^ Ft TTTTT cllTfT FTTT^F 

TT “7 'TTT 7 ‘"RT 1 " t T-IT vjlTc^T tl tFtrtttdT if Fit aiCfrftCT t 
T»T :-irr 7 ' T l TtrT tV-fT viTTTfT tl fspT 5Ilf TfpJf tt 3FTT FT 

TaT x:t *rt fV’TrhtlTT tt T -RTf Ttt 7> TTFT TTHT tl IV^ttTT if 


'Tttr 7 TT T1‘ vit T 1- Tit t fv»TTft FlTf TT cTPirTT clcTTT TT ft FTcIT 
t T UT 3f?T ’IT 1t@J|T ft 'TTcIT %| TT i!rftT TT cTTTTTT FPTTT 3FT fT^T 
tt- fr^T cin 7 ti tTfttt^ter t Tt ^ t ttr ftt tt t ^ fntsF 

i 3FT;t tit; 1 TTltl t*l tcTtttrt^T * Tt a^teT FT ‘ TTTT fw*T 
-tt 'IT f'I'SfT TT cTTP.TT ttf TT ftRT TfTclT tl ttt Ttftl TTTT 

Tt f ttrf sftt fiTTFft Tint t:-- 

/ 

" TT ft'PT:- 


tntft'tcTT 4 fnt'T ft HTT = m t[TT 
tit* ter 4 fciFTteF 4 tt ^tt = m 2 utr 

Wt-flTtfT 4 fcRtSF 4 <3 3 4 EfftT FT HTT =m tjTR 

TT FT yTMfTF cHWR = t Z r 
5tT TfTsf FT ’JTifTF ?1TWR= t 2 O c 
ftsPT FT #TIT TTRT:TT= t 3 °c 
5tn TFT^ jjTiTTT t T#| tt felfTpr 3W=0-09l 
5fcT tt r^PTFd TF T 'T= 3 

&tr TFT^ ft HTT - S m - m { TJTR 

> J z o 

$cf $ FTTTT4 .if ^P5 = ' S t 3 " t 1 8 c 
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ot.i i: ^irnrn f ^fr = g t -t 


T' ?j'l ' tlTP>TT * fx 


2 3 


• ’ C'l vE"=T i” c Tpt[ = 


m, s. t. 


= ( x 3 x 


Y J Vl ' T T tflTrVter w fWfe cnrr ft 

^ cfqT ft f ^T^=m 1 x .091 x (t 3 


“Fl ;q 


^ ini “ m 1 1 x i x ( t_ - t, v ^ „ . 

2 1 3 t l)+m..x0,091x(t -t 

1 3 1 


?Tm cRg t a T i ^ ,T T 'jnft 

v3 

'■• otj .nsq -ft 3TTT irnf7 = m . s . t . 


“T* S % f-.ISTrl f| 

7 :T *7Tf = T Trrf =T 
■"■ (rn^-m., )xix( t. ? -t 1 J+n^xo.OQlxCt^-l^) 


= (m 3 -m 2 )x 0.091x(t 2 -t ) 


= ( (m 3 -m 2 )x0.091x (t 2 »t 3 ) 


** ir 
# ■ “* 

* a 

I • ^ TJ ► ■ l» ki< 


)x 0.091x( ^ 2 “^ 3 )"■ 0.091x (t 3 “t^) 

( rrij-mJ (t -t.) 

VTFTT W TTT ft f t'TTZ PTf^ ^ t| 3 TTv 3 ft 

P^TftfPqa ^TtrTtT ft n^™t t 
2SHXHII 

^Taf f 'Wh^kr tt *jtt 50 -$V\ t aitr 33 ft 

^ :TX| T 0* 095 tl T^r no TfF, tfTT <?cf t ftTOT ^TT^IT 7 ! 10° ttftjfe 
ti W\ 100 TfTn BTcfT | 00 0 OTT 13 ^ *T STfrf t eft HTWPT 20 ° to 
^ 11 5 ^ ft f ^T'T garait i 
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.^TtfM-cTT !7T HTT = 50 Ijm 

fcrtftitrr ft fqffr? ®st,T = 0.095 

'TT HTT = 1 10 ijTq 
^ TT ^JT^fT'FF rJTTTi'PT = | 2° fjo 
rlTcf *FT HTT = iQO TJTR 

TT jnfr^ el-pT^-R'z: 100° 1*0 
yU] fTT olf^T ^T-JT|T=f = £0° fto 
T’T'T oft -ft ^TiT = d 

oTtf-f ^ vff'ifT ft ITTf^ = |00 x 0*095 x jj|00»20j 

= 100 x 0*095 x 80 
= 760 /l 

fr ^T!T ir HTM = 110X3 x g20-l2g 

= 110 x 3 x 8 

= ... os 0~ 

-*t ^r-T v rTTH = 50 xG* 095 x g 2 o- | 2g 

= 50 x 0*095 x 8 
= 38*0 

0HT ft m 5 10803 + 381 ^\1Tt 
m Ov-T'T = OT^iT ^T>r 
*'• 760 = 880 3 4 38 
760-38 a 880 3 
722 = 080 3 



a 0* 824 
^* ■****- 1 
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4*2 UTWrfell 

ftft T IT ft f ftR" vK^iT fl?"Rcf TO} ft fTTcTBlf^f 
cfTcl'ft -fTr^/p $ fTt^Tfgcl 

i* tot t *nv it xt ^ ft ^cit ii f^ftrc 

^TT ft IFTPt ft fhf*r % ftp? fftfftTT ft ^T Tfft ff 

■ 

fte xt ircft t f^-scj f cft^r tutt crrfrm 

2- TO* left * a fhl RTf ft tfhftrtTT f STfl ^ ^T 

TrfT Tt fTcft %i ttt zri'T ftPx ffcft f ftp? sfa 3*3 ft ftfrfci- 

«j 

3ft? fertftftrT £ STTHT ^Tf^l 

3* ^ ^PT l^tflifteT clqT fclFfts?? f t iflffo; GPTT HTH ^ 

%rft jott $xft TrffT] 

4*. c^tvf qf fqtftftrr -ST zr^\ Tnrr ^ errrr Tft 

3TFTT T[fR| 

5* ftl l Kr^f IhM T^tcTT * c5*ft STPRT cTfWT? 

tflW cT'T ff^ rIT ffqT Tt I 

6* qsxnf cTR Tit^x ufrf! $ ftp? «FT‘frf|rT 1/2 fsft qrr TtTT 
7* ftx ^tt if Tt=fT TTfR fTRlMn ft 

%J » 

r rr? qrfr i v 3iT stri 

a* fPT qcTRJf ft fq tfWg T $ £Tft t TR ft ritcTTT ^TffR 
T ff Vi qift if l T^f 1 

9* #"^T cTTRTT ftS" f $ fW| xf 3T^t 

?11T fRTRT TTfR I 

|0< ^r.tiftcfT f f=EFTcfl TR ^ ft sptf 9ft <|R ^ =ft-^ft, ■■• 

^ttt TTff^t . ' '' v> ;^" : t'; 
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Ta jttt tf TT-Rerrf^rr Tt fifY ff ftt^ ^ ftr faf^- 

f-TTHtt FT FTcft ti 
4*3 v5^' J -lTl 

ft arnrt tst fr TFft ft ffft 35 t f ff 

TOF? ft f- '3i TT TT # 6 |=f %| ftFF i* TTft ft FT*|FF 

fffpcT '3r rr T 1 PTOfdPqH T r -RtF t: 

I • TFft ft TTOF fcfill^d 3 TFT f TTFF F¥ eftt eftt Ff 

sYft t it sftt eftt stoi w $ t ftRTt t tftfY if ffftf h ft nf 

<ftFT t F ft ST*T1 ffF t FFF FTft Ff it uri'rft t TT FF£ TT 

rrft ttt ttt nVT tTft 1 1 ifPptc gutft iFTf ffj $ jjfn ft artr 
FFcft ti TFt FFft ffY cFgct ti to cpt fff:’ fifY ft Fift t 

sftY eRTf t ff^ ft artr FFft 1 1 T^f tfFYf Fctf ^ 
ti it tto rf*oitf cTsjfT TTFft arrft tftfY t ffftf fttt ftf ft ft 

T^flT %| 

2* TTft Flft 5R5T Tft ftrfT IFftR FffFt f t fFF 

TcF ’.ft FtFFY if FFT TFTY Tt Ft TTY t TO FTTT TOT 11 
3* T -TTft tT Y Ft ftclT t IFfFF TtflcjrTT FF FT 3PF T^ftft t 
fJTTt Tt QFST TTt t fFF TFft ^FtF if FTTT TOT %I 

5* FTcTJFFTYfT 

arnrt aprft tot t TO 121 $ 123 ft fft gTerrfga 

O " 

^TFfrft Tc* ft I Ftj FTTH" ft FTrft t ff f ^TlTT if 3TPrt TT^T 

FTTft F"re: TT ft ftft | aicr TFT Ff TTFFT FT?rt f f=F ^ Fft 
Ft i’ FF I* L j TO TT ftfT Fq f FT Tftl aiTT IF 3i rcF^RT^F 
f ’JTFt Tt TffT F^JfT TcFT ftfFFl SiFT aTTTTt FFFT % ff aTTT fcpft 
gTF TT TcFT tt if FFF^f ^ Ft v3ft C JTF Y ^ TT^F FTFft Tt 
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i- 

TOft f r R5cft tFT^t ** ^ITeqTfTrlT, TOTTO rt^TT P cl f ^d' 

► 

vfiSTT ft PTft f TCTl TOTT&jTfft[cIT 3 FT,t ftft TT T'TTT t TO cFT 
clT-P'T^ 1 °c cIT rfSTft ft fcTQ: SiTTOrF 11 WT^ TT^fT 3ft ^ Tfiffcl 

* o 

t \3rTTt" tft vpTfT TcPfftcl ^T aiq^Ttf^P TOft tf^cRT ft* TO v3*fr 

o 

p T 1 T T TT cTT Tf* PT TOT TOf T3T TTifftP PT Slcffiftf^a cTOff tl 
NSSTT ftpTfnf ft v5PT|T 3ft TT^T t wt I fTT TO TT PTqTTT 1°C 

ft p^ift ft jiwpt Theft* ti ?jtit p ftr ^t-t ftTroft ft 

f^ir if rhr ft ~rrt ft Mft TOft tcti ^~t tn Tf ft tti fror frpT 
tfJTlTvS? ft ftftft ft? cTCP ftft ^^WfftrfT,, vMST^Tfr P*TT fcfw ^FTT 
ftft f■TFTftt TOft t cf TfcT TP* ^cf qft 5°% * fTpTPT 

TOT t eft fV^PT YT cHWR fftpTT ^ftclT t? 

2* ^tlEl 

T'f qft ’T^ft $ qr^TP arrr f ■y i ^ 

■ 

ft to tftft: 

•| • TTF ^Y fft tg T ^T PTTTO afrr ft ^ rffi ^Tft % ftTC 
affW IT OT^lT (ft *!TTT f=TFTP vTftft PP TT ft<Tftftrftt£T ^ft ^■iTEqTfT'clT 
ftft ft | 

2* TOT ftpft TSF PTTYTT TT eft Tt Tpfr ftft ^T ^Tft fWt 
PTTtt^ qT eft ^ T^fft ft TTF^T tf f^Tf TOft t ft f^«PT 3T 

si 

PTTTO TO YC Tlftftl 

3- ^YftftdT ft 3FRT ^TfftBT 3MT f^'R ^"fft ^ 

TvTTT HTT PSqT g^r-T tt ftl 

5« qft 3PTJT ^PTTPTT ft 

c^vlt pcF ^1^' p^TTT TTlcIT t f 
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3* 

^ O^tTnV nt t/na TT% % ftTC aTTCst gnT3 f5HT TOT t Pt 
3TTT a'l'-fl "PsfR iff *rPT l“ $ TK5 123 A 124 TT eft- Tf 

siwiTaiY rjrt -^r ijrt'i iY sTOT t ^ j~n<\ srY ‘ arrot 

"Ff&Tnf 9TP7I an 7 # r^f&TTf TT% f?R ^ 31*rT ^TRJjY 

jSrrrf^i ht^t ^ ^rf arr tbY %i vw ?TTnifr f =7 vJ^^prt 

jn<\ V arnrtft - Tfr ottot R^fVi 

a* r ii3-ins?jiiiEfr: 

4* I ^iJjl.Iillli. 

j 

R7 ^T^hrftTT cfT cRTOR i^p apff ’> ^it afiT rffi cfdTY $ fcR 

fro^fr ^r:T -ft awror q^cft- t ^T strt ^tItot RY -?Yi 

arraiY ^ **■ f TFrfYrfqei totjcit $ ?mfr: 

vJ^TgT^T: 

RF cTIcr Y =frT hit 60 tjttt fiqT ^ rT lTerrf^efT 60 

Y^lRY % | ^TF$T cITTOFT 50° c Y 55% cRT qd"T^T £ fcTO troYf sF^T 
YY 31 WTO T TYnY9 

• 9 

^r: ^ 

^T.&rTTRclT Yt YftHTRT ?>. 

TO TT rlTTTIT^ | °c cR7 Y fYR arW^cfr ^1T ?fY KTST 

O * 

= 60 c^v^n 

•*• §55-50 5% RT 5°C cR> cl^T^l Y frR 3TWEF YY 

tt^T : 60 * 5 = 300 Y^Yft 

4* 2 f533 - $I_lTHIiI3L 

mg Yt Rq; <tY ff RW cpt fY^Y HTWR cFF TJ1? % 

cfTR grr^ ^cf YY YY TT^T f^FTlRT 3[TclT % clt f^T^Ff 3*T ^ TH *•<' H 

fYcHT lY siTTrlT %9 3fT3lY ^ f THYPlP^f v^THT 7 ! <ft ^"IRrlT ^1 

■ 

f 

*m«r i ■ 
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25151^1 

0 °C TT 100 TJTT, irrfr 60°c ^ 50 tj-jt q-pfr it fj^TUT IPTI 

frwr tt trrn T=t fraTT TfriT9 

« 

ml 

5ctt ft am srria ’rrfr ^ f.lp^ 3r*m= i 

T iTTT fr «R clTT ?IT T m - R = t°C 
5^ ’TT^ft- $ rTTTTI'R *? cfs = (t . „ 0 * 0 C 

= t°c 

•rp'i ifTfr ^ ciTP'R ** rjnfts ( 60 _t)°C 

ct Trfr if ^T'r n *f ipf 

■** Tr=ft gF-u *r ^ivr =m.s. t. 

= l 00 X | X t 

= loot. 

TJTi TPfl - flr ^CRTfR *? ^ 

t] 4 TFfr rfT '3r T lT = m.s.t. 

= 50 x | x j60-tj 

= 50 g 60-tJ 

TTrT g^'Tf7|ft $ PlSTxf $: 

o 

= v^ht ttPh 
loot = 50 jj60-t I 

TJiT j oo t = 3000 - 50 t 

\ 50t = 3000 

t = 3000/150 = 20 


d: ftf J m cFT cOWR 20° c f?TTTl 
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4*3 TOTT 

^jcf X& 3TO i\ Sfoftl cW fgf^r vF*T CT^' eit TO 

^ TrTT^TfTOT rli-fT wfc'icl f^Tg fl^et Vl ^TaTT ^ htj 
situtt $ *rrtf; 

s 

S 5 I 5 IHL 

&TTg $ ^cflt rFT ^tt 70 TjTJi il ?fra cfft fgf^cT 3TOT 0-115 
t TO=fr vPsriT fenflTfT cT^T UR^TT^ fVmtt 

to: ^iTenficiT * to <ft x fgf^- ^it 

j sitot tfV ^T^rr J 
^ftfr tt ^ gj 

= , 70 x 0-0115 

= ‘905 klfft 

to trgnnr * to =pt x f cfrro tott 

^T^rr 
TO tt rfe$ 

a 70 x 0* 1 15 
b *005 TO 

TO ^TT 6JTH tft TOTTOTOT * 805 W gggVTO *805 TO 

rNl| 

4-4 W^.^SX^^TjogT: 

gg ffcft- TO ^ 5^ if TOT e?t TrF TOTO $ 3JTt 7TTWR 

k| M R 

m ipj ^ $ fFp7 arraro 3TOT eft - TOT ^rr q^T it gt IT TO ejTg 

*ft fgfriTO ^tt f^Tg Tc^ Vi. srrtfT i$ frofgfjsr totttt ^ 

TITTOT $ TTtfl 

vJTOTDT: 150 tjTT TT% qrT 50% a 70°c TT Vf TT^f t fpP? 270 

TrTOT q^l TO^fr fgf^FI 3FTT f=RT=fl" ?Wt9 
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cITcT rf[ = 150 TjTq 

cH^f $ ?TTWR c|p5 = j 70-50 jj°C = 20°c 

faa=fV ^tit £=fr q^t =270 tdtfr 

■^pftfcF Q = m. s. t. 


•• 2 70 

tTT s 


I50x s X 20 
2 70 

T 50 * VO" 


= 0* 09 


aid: ?rr% q/t fat 


vF^iT 0*09 Tfrftl 


5* ATr^jngnjR 

arrfa anrft qrdqr % q^j 1 23 g 124 qr fare ^re ^tt^t d*rr 

•-JTclTfcid TT$d vTTnrfl’ * fare 33"TTC°T ^ fare I 3TRT qfa uUcfl" % 
hr % ggrnr ^ anfar fWi ^ utrtt 

qTfa t fa ^ dt ^ *T fare ^ f JT~td qrr fare rere £ 

reT i atTre arrrre re?reft}re *f dreFiTaiT qfare rt^T 
qfarei aRTT afTqTft ^pqdT t fa afTT IfafT ?nrereT qrT w *T affN? 
t dt vjvfr TOOT (t ^TiT 0 ! cpt TO^ d^T T^lfa ^d 

OTTfr ft qfgrr g ^ ^IcfTTT TOT^t *? =fa dTPOdT rftfarei 

TOOT |; 

■q^ OT vf[T 75 c^T ^OTTOfadT 75 fatft 

#1 ^OTT cTRTTPT 20°C 3 2 l°c cpF d3"T% ^ fa** fa’d^ ^°T 
OTdTOTdT q^rftl 
^TTRfT 21 

70^ 3TOT 100 cfag q"Ffi", 25°F ctfa 200 Tfe TPft ^ 
dOT faOTOT qfTdT %| fad°T % dfadd dlOTUd WTf ^ , 




m 


HWT 3! 

^ f htc ioo Tfjr t m 0*47 \\ 59 

t WTtflfffiT m WT^ faffltl 

■¥ ® 



4 


11 


50 7JF; Tift eft 20^ $ 30° c cS jp? ^ # ftnr 280 W\ 
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APPENDIX - B-1 
“ - »— 

Ttl-rfr gfWRjj 

- i 


0 T 3 TPR.. t , T^TT 40 

^T:.. .. . . f^TTcF 


HTq - cF 

f=tf*T: 7 ft^T WfT ^ "4TT FT^H'ITCtrl vJcdT tto: ^| $ qft 

TcdT -srmVFt 7!ef?T FfRdT % FTTR^T gf^ cFT fcp^jj ^ jj 

W1VZ I 

| • f W\ ft ^SsnT qft ffr TfTHTqT t‘. - 

cF* cf^ HtfcTcF 7fT^FT 0 f3R# tHTT ^ r Tjxff 

^cngqr cFT ar^g Tr^rr t - 

o 

31' <4eT hTTcIcF ^TTCpT, fuR^ 'S'TTT 'S^T “nTpf ^rr 
ar^ig TtnT t 

JT* Cff vfrfrlSF TTT^T, faR# 'BTTT 4T 

ar^g irhaT % - 

4^ TTHTqf ^ ^TTT ^ TpT 44T 

s^sf 4T arw -rfaT % - 

•o 


2 * 


3' 


4* 



apj ffi^nri ^ aRmr, apjaiv ^fr:- 

<f« nfdar gprf 

*?■ \3wjf t 

TT* Tjf^r 44T v54f t 

^ -4 lT ^cf> \3 nIT % 


^ % 3Tt *T cFV^T 4T 444 TT^r %? 

• vF^T 44 447*? t — - 

f* 3^R7" 44 447*? t , “"“7” 

;* 3?S4T 44 7|Nc? t 

f* ^RT 44 % i - 

'•T^^ifsrfga *f grbr ^rr $ t*: - 

■• tjjt ?i*rr rr 'httt '■ ■■' * 

- gT . aJl _u * '‘Ls..* -! -’ ■. jbUL*-)m , ,' 

f WT, 


/i - 




vTvi ; •*:7 . r ‘\\s\, 

*'* ■ • 1 ^^^ ' . 


















'Ji t,T -T ?FT JTofrf T d^n y I r-i^r deb >"dld i Ml e 5 ; — 

=F* c^-cft <5T vftcR°r HTJT _ 

^ - 

TT* ftfT _ 

Ff* ^TcT _ 

grgaft* vTcT~d WTT, spsrf dTdTT dqT 

WTT, vS^lT '% cFTT°T TtclT ih- 

m* vrydfr $ vftdft mtjt 

-fe^r - 

Tf - 

- 

f^rirar *r ^ 5 ki rvrndi d s >ri an"f%- eft *n ^r 

j|.^ H I -fl 3 >JV & M m drfl f I ^ f iJ- lfrir^d dTr ^pt % 

q^TT^T ft'. - 

c£* cjff vPST!T '- 

??r qft ^ST-T - 

TT'. ^ ^ rm\ ;: M^F iTf^ 3 ^ITtJt-jqi^T ^p.T 

fudeft % - 

*=r tmttT ft % ar^T ^T^fr tttot # 

cpT'MdT % dl f^» cpT \jc| iddT < GclT % ——- 


zm ert q-^wT eft arnR ft fp^T^T utr, dt fqpqfdfsid 
¥t^r $ 3TSPT TeT^T T^cfr t: - 


hMYIc? f^fT 
TPR-RP^ f^TT 
tt- f^^rT qrhf f&FJT % 

dMT i IdT^r^ fcJSTT 

f'TPdf'tfYp ft ^PT $ cjrtd, 3 - 

=F* d~PT sTeTTr, a^F^lT qpTdcfd d TldTqfd^ f^TT 

3?' 3TR?Td d HtfcfBF tp# '*? M f4^cfa 

tf g^iTr d tgfd tHr dMT dTP -** qrn? 
^Ytt 

^T* *lTT t ?ffcfcl 
























|0‘ 'Ml ^1 -l>T ) «VJ I vr| I ci I § ep! vj^Cs J : I <£ 

^TT°T 5T: - 

r?» htt sis - crrar & _ 

5T« HTT WT TTFIT t 

Tf. armen sicT 'Hen $ 

* ' ~■ ■— — ■— 

tf aTTMcTT "Q r fi 'll it.'d I _ 

|p SR f5?ft Th ]f] rITT f 1 Tf- --hTcl ufl ^ clT --ft ^gsncj ^ 

^tt°t: - 

eF* vfR TTri trt STRfr f _ 

To^f 3rrft- raft t _ 

Tf* Ti’^f Ffipf t’"T '-if i cfl ^ rMiT i-jlqvi y«.i> i 

^ricft t - 

tf -qq: cri yifc c: 1,1,1 ^,irr £-r qrfcfr % - 

i2- r ^ crrnj^! vf f?t =r 5ft- mINhw M«fr £: - 

i|f cfTT^ cl* 7fr^=r t„ fufcTSl c<^i Xff "HT^rnf 

arw ifTcIT er - 

o 

w fWt cHFg .fr n?<T m % nr q^i cTTOr 

- 

Tf fWt cR^ ^ HTT T TT% qft* ^FTf ^ ctTTf^r 

qr^t t‘ - 

W* f^vFfr cR?l ^ ®Tm T T n T T^ cfT qft ■ 

*FI^ # - 


HTTf - ''Of 


% f^Tfpifqa grTf $ vjofiT *T ^T ^ sftf&TCl 

3fTT arnrcFT TccfT tT *r t "tT % ott fmf g^pi-nT 

sftr vwr ^ *t eft - qiY ^ wt 5 ^ { wivj\ 

3'- qq cm ®V efrt Tf^ fqRT qTcIT t ^ HtfcIT Tjoff >r 

RecIT % TT/W 

* 


4* 


5 * 



cjfl" aigTHT vTrT"^ I'lcft %1 triV'15^ 


f*TT ^ ReTT^ t qt ^ fq^T v5^T 

^T cf, ic^ ^ ' 




















f^Pcrl Tfrm gr^.T-Tg 
pv-n -n -riT juft 5 

^FTf_J_ 

&T* 3T TF*. Ttrf JO. 

F. . 

^TTTfjT 

f ^ ^ ^TT v-r^'l rcfd uTd^ tjvj $ -ij'!’ ^fj" 

TOIT <3TTMt;»> :|C^ r^T I 3 H$ 'TP} ^.T *H jj^jj 

rRTTtfl 

I* f^dTdr^ *T vii* 3 -1 -iO ^ Sl$ f^-r dT rpjl HefT |;- 

fF* ^-HT Pd'}i vM I tyi ? 2 f\*M& Sfr )|4- f T d 9 l I 6 U £c|) ^ 1 ^1 PT'l 

TfftelT % -. -- — 

2 f 3^1T ^TT TITepT t Tjxff qrT 

^tdT t - 

Tf« ^stT t^FTT *-ltfclcF TTTen' % f^ F f 5T5 £FT 

t - 

?• ^tt tiaT Tnrnpf^ ^T^=r t f^r ¥** Vf ?itrr 

stst cft 3rmet rtaT t , ■ - 

2 * anj fSfirrri $ raTT, ^t apjart 4 gfr rPr ^fr gsrf 1 

f 9 

■ 

^F* flFllfrR “" 

^3* TlfrR - : 

7T # rfMT Tjf^r - 

"ET - 


v 

afTEf $ 3Rfl7T 3^T ^f: - 

•i o 

*?■ cIT^f T^T^ % 
stvR t 
*r % 

?• t 



3 ' 




















225 

f-(*-irVirVfci ?r *T -r mi niff i ^ vaiTdV chi ieTi' % : _ 

cF* q*f, PdWd c^fT" Ef^'pl _ 

Tf* if EH ct^TT qp^cft - CFT H t c i PT HTTr _ 

TT* Tjg - d aiTcFTST |"PTT _ 

^f. H «i j-iTq Pd&cr 1„ TTMTqpTF frFCTT ^ 

c5TTtT tPtsicTt " _ 

vJP^T cFT TTTt "Slf T rU-TT gTE^fdcjT Toilet EF'^T TIT %Q 

:.=}>■• d^cP - ___ 

ST* T^T TT TtTTIT _ 

TT TT4 - 

1 CN 

TjT - 

d T?T \3 cT“T Efl''~Tl o TTf) T1 o <s| L T * cRd II c| ed | d^Hts ^c-fiTo 

r 1 *• Tl*'«.-!r'-'-lKI «-T>"'l V*C"*.r cji >-»! ! >t u | ta'lc! I ^: - 

<T* TJg 

^r- eft *-fmYt hht - 

TJV - 

Ty Mtf - 

f^TTT^W g^TT Efft fTpTTT TR-TT 3TTf^ ?vPt Wlfci^T ^ TTlt 

% TT^’ fd^dfdpTifd EfPT ^Jil # EFTITT t*: - 

=f* wrfetrr ^ %' - 

ET* EJyfTf TT # TTTT T3 Tffd =F^°T^ % - 

T* ^(Pr: % HtcfTT HTT Tt Tjrff % efTT°T - 

T’ E5TTpTP?3d *fr ^°r - 

ti v txt4iT •arm Pphi^tt ttt, ?it f^ifrifTp ** 
frn f^iT % Tt^r it ^°r ^ j-.t ^ er-■r Tlrfr ■%:- 

HtfriEF f^TT • - 

3t- TTTTTTp'TF fcf^TT -*T r ^~' r 

T* Mt'PdT cIMT TTTTTTlf’TcF -.—' ““ 

T* f^'TT f^TT % - 

, »»\ « s' 

'I “• 

i . * j 






















*r Yt=r nr tot gprrr $ g,r 

Tifr ERcJT I:- 




(T- aTTOcR Cf vitf^qr qojf ** qftc^fl 

or cnwnr c^Hi'p qf^Tcjcfa tthtoP^ f$qr - 

Tf" HTT riqT *T rp^ 

^TT^t 3 tgf -T 3TT ;i H ■ft'HT TiqT ^tT - ^ 


tp: fYHY rr^T'if ^ Ttf f^rr htq: cfr ^pt ^ c?tt°t q^raJf =j?t: - 

cp 3-TTT vHTelT t . _ 

h* srrqen tier htht t _ 

- < 

Tf- <3nTKT-T ^ HTHT t - 

HIT tfeT rilTBT t - 

uicf fcf>i-fi ~^'i icTi ii c\P\ ; ||^ -^7 ji-^ .j»<i<ri m% qs<ci ^idl' crj - :- 

qj* TC^I HTH *T HTefr t - fYr e^ST tpnrpff 

Fmrfr % - 

g* Tfe -W^T H^“P?T SPlffT £ -- 

7T* . TT Tnr Tt HTcfT % - 

Ef fq-^FT uTTcft" % - 

f-TT^r^l *•* ?TPT^t: qY cfH tfY qf^HT^T t*. - 

cp clTT^T tsrfr 9lfeM % qt T^r Tpff *TT EFT 

af^HfcI q?TRfr £ -77 - 

Er fWt cRri % ?H?ci ttht^t stft ^rnf err^ 

o *i 

£ - 

tt» flRfr cRRl ffc TJT^ qr 5°^ % T1TT =Ft cITT^r 

o 

■£ - , - 

Wr. qfr ^ Ti-pq'cFt ptrcft - 

T=T q^Tqf 7ft TflT cf^cl £ qfr ai 1 3 YI uH 3> HT^ fWT ^'P.T 

for £9 

EF* tfs^TR ^‘‘ r 

5f* aTl^tuH 

tj. ,____—. 

^ i Eifrf >ft 
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L oig TO $ &***? L U^1rfr £■ 7]xf fV-^T vrfTrIT t c| fT^- 
F faPJfl f r Kra $ Tnr°r -k'R lO oiid iv,f 5a 


?• 

ciTT 



sr 

3 ?ctT 



n* 

TfJ^T-rr STH 

wrrq >, 

* 


tw ^ 

5MFcf 



f 




HT1 *T 

riMrcir^t 1 

U'f iV : i» 

\3 CCl 'l ’1' • 

TO 

T 83 _1 "T* 8 ' 

T u q 

nt tjT 

$ 3 HT 1 


*141 4'K oi I r -T fp" f 


J ' 1 ' ’ ' ' ’ ' ■ -' • ' ’ ' ■ X 

? clt " -fiTl" ^ vtfll f-Rrnjv^{ tf T l*P?l 




5' digwrr Mf fcRf $ VJ,V * l I *3 cH -1 csTcfl" tl 

(&■ qWOlV 41" i|ti R 2 ! & vj-a vfir^ J J"fT if fn? 

tot iff q^T 11 nVitY 

K 

v to ciift ciTt uit fcWci qrrr t ft 0 L i vR'i»r 

etf, p m I 'HI Ci L K vV^'l <2d1 1*1 4 ( ', iff 


! m ^ 

j ——-- 

hsr. fT^fsp <jttT ft fro wtt ft i rfcf frf^r. - 

18' tpfo ft.fcT $ ^T57f flfW ft ITV 

TO*f T]T5 UfTrl t| 

I 1 ) 1 • TPft ft HW ^TOT WR TOcI % ^ 

t ff vjptT £TTT...^T4 itfiT % I 

' - 












HH Hr 
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f^Ti: TO T 20-22 Wp f TJ-il t'lf'ifl TO 41 ViT<d 5* fTOT TfpefVI 

7 v _ 

crt cjtfl W Tf VT ‘ £TTT 3TPTtf *f freTR TO t Cff 3 ! V 

^ 100°. 3TRT 200 -JV' TTft STTO TOT W cRTl ^ ? 2 0° C TOTfT 
200 TfT VI ft ? 7TO TOT 

20* T1 N'Ji*' TO TO I ^ fTO fWf * Ul M T9 
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ar^ bfY & m n4 arY ^ a?^T ^Y rw 
$ flfTR TT^fY aY ^ cB? ^ 

arra*^ zwt *°r *rr *t 


vW^jtt flTPr?rr cWT fa Y* ar^ir PrfYn 

vj^iTTtrrfTaT 1 
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PTS'jfoi tnfrepr SfgsrnJ 

TT'liTTT^rlT ^q- 

tv£~ 5 


FT3 TT Tr. tYpT ^0 

^ . f^TI* 


HlTLz 5 _ 

Ffln: 9^r? .tpwt £ mtt tot ftn V ^ ft 

3 c?n' ^ci?f rrw^ pp^t % cfto ^t 

r-RTtf i 

i • '^tfVTTcfr m gpirifrif^ fg^-R 7ft ^f mw fr ^ t mt f% 
rjfci "rfV :- 

O ■ 

:u- cl T ITT'T ft imr grt TTOf t ;----^ 

*T* TOT rf.TOT tT TOcfT t -— 

Tf tfjfTI eyt T.TTcfl't - 

?r- TOT cl^TT clTTOT ertTT fl* TWT eft TITVlfr 


fe 

2* crag ft TOT ‘fr T-r^T m^l cTWr^T 5T TTcl t fT 

"cp^T rjr*ft f; _ 

'^Ttita 1 —.- 

ST- fenqfbfteT 

T* ^tfr^YcTT . -7 

IT' t- 

f-Tlfr TO ft TOT ft T T7T TO $ fTOf^ Tf* *T ft 
tjot iTT fTft ^T?ft t: - 

o v 


T* 

htt 

^* 

Tfefft 

TT- 

T1TTO3 

* 

5Rfa 


3- 
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50 °c - 
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- ^ ' , *1 T * *WT=T HTT % JTtSi 

YY j*™ Y ^ I, ^ T ^ ,T5 ' T ^ f-nsrraT * i 

^Tfr rtpqT grg qfr : - 

cT- tfillYl xrr f^ nr-RfT % 

-ht- vrrr tt ftpY ^ 

T T* n5®wT ITT f^Jfr eTC fi- % I_I_~" 

^ tt f : qvfr ^T?fr % , 


rt ‘v^ffT *5 Ti Cj-oiTrft ■£'•* ^rrr --Ft XjT5lT qft cfVt %9 

TJTF 

t*K? _” 

*T* 

■er* iF^tTjTn __ 

Y^Thft 3^rT cfr 3Z T|T5fT t Uff fi* ; _ 

t* i rr-pr. qq? fr^T^r ^ erm arn? _ 

^T* i 3 jtf err -T) vjerToT^r arn? > _ 

Tf. I Trrrc trpft c}iT T1TT |°c ?FF gST 5 * ?TT |°c * 

TIT TfTST TT% TT fYrFPt " _ 

*C I HTP TT^t 5?TT cTTtr | °C eTETT efS'I^f if TTT 

arrr ’ _ 

TT eft xpf g^TIFft g^snT qft TV*. - 

‘T* TScI -I’ - - 

sr* fetferr tPfct % - 

T r* 3 ^YYt qn 3 rl tf - 

Er» ifcqfcR g*rl Y , - 

» 

f^fsrr qfYer 3Y gs *?TgT t gt fY: - 

T* I Tfe TTYt TT rfTT | ° F HT HITT^T ^T [ Tfe 

TTYt Tt | 0 f cig STST TTY TT 'f*Higcft % 

®T* I Tt% TTYt TT cTTT I ° c efT <^3T^I ^T I Tfe 

TTYt g«T I°c eTT 5"T5T TTY TT f W T e fl'-fr - 

TT* I ttTR YTYt TT YTT l° F eTT g3TY *?T I ^THT 

trrfr tt i°p gg tt Pwr^fr %' - 
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f 1 c p 5, ^ r TT f TOcft | _ 

** ^ f=TT ^P5P * :> ffcft *rttt % snrrar 


V M, nt tp ?: pgp^ ®st.t ;fr ^ ffl- ^ >tPt>-tw t? 

S ' W-T'T .ft- ’ITT nit, JTJTT, cpcg 5T ^ ,0 

•'ICTV 

'!• W.<.T -I: r-TOT at I Vft cRci 7T TTPr 1 ° p 

<\t> 

■7* -W-T fl 7 "RT nt I tjTt cPR ft lOp ^ 

•v r i'*r r.T*i r nr f ° • 

't* t ft 7 -RT at TO cft ^-n-r- I°c 

frjfaFT -^TiT Yt tN ft ifpft t9 

V tyfe 1 ! 2^ .. _ 

tf* Vrtft ' , _ 

7 i* Tj“n , _ 

*T* litf tfriTf aft ?tft 1 - 


^"T:T .ft *,"RT ft 'TO FFT cTPT |°£, cl^ ^fcTT^T % qJTTI apP^ 
TO qft I- 

g , . 

T?‘ fclfYr^ 3^T q^Trft t ’ . - 

iFfcTp^lf r'p^HTcfl ^ * - 

o 

TT* 3^T)Terrftc7T S^FTTcft t - 

^ OWRft % ' - 





















l iTft ‘ft UTT't if Tfef? ftajT cTPTqTT I <C 31 3(37^ if 
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wi -fl tfl" iF‘'T Fifw raalt fr 37 cRg crt*“i 6 fis grr^f 

Tif^ era 5T/^: - 




T' frfw TiPF ^Tffifr ‘ S 

7‘ TfTfct FFTrlT t 

T TcI^Tf 5S5ITHT t 

?• cITiT-rr qfrreTTBT c 

flff if Ffa ITT -japr 5 Tfr t 9 

qr* = fclPfF3 3P1T * Tf&fcl 

O 1 

Sf WWfr = TFTTE?Tf??tT * HTT 

*S 

n* ®5 tit^t™t = .wr?n<y, i ffsftr 

*.3 

Ep vJ,5i T&Tlf^T = x m 


iOTif? ?f^T : :: a^rr!frfwT $ $ ^rrt $ 

y 9 

7 - T«T?qT5 FT W 3 ^TTfrfT 3 T 

vS 

TT FTO UTfi t • - 

5C q^-STF ?T utoj irm twt q5STTenfi^T 

O 

•ft ^rtfr t i - 

I 

7|. 35fpirfo tFT TfT^tsr ’IF; £ 5W SP 1 ' nflfTclT 

qr-T cFtf Trra? Tsfr fRTT i - 

q:T ?tf TTTopq: . =t?T t 
gpnTtfl PTcI T 5T ^T^cF ]JTT ^ I 
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*rn t? 


i t -*ft rrt'^ MTit 
'■pt rriTr vTc^t 
:lVr TIT difT ut 


* TeclT Y-Td TT dT d^T ?: 7frfYfP| 

itt nt rit "^t” % f^rrnj 

dt Tiff Y vBTT f dTTTd jj ^ \ TTR'l 


$rRTT^ 


d^T Lp r 1^7 rft jTJfTTfl 
T .:;T TT f 


t; ^ST'T % T'T'Tcf 


fT/dsT 


^'•■fd TlYd d^fT ^TjTErTr(dT cTl" fT-Td —7 

-:f| df IV I rT/d^T 


w ;r nrrfTdT = dTd qft d^fd x fcjf^FT jpsny TT/d^Y 

o 

T<-r\ * f 3i'-TT dY TjdT = eRd qfr dTfd x dTd 

*J O Sii 

YY f df'T^r ' x cPd PT dT,TT Tf/defY 

o ^ 


eRFd dt t°C d'T ^p r TTY dT^T YY TT3T 

----=T^ j n fen nn t 

TFd Y TH TTfl" Tf t c eld Tt r ddY 

»3 f 

d' olTTrdT di^T YY T :TdT TTVd^Y 
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fT^-TfrET jjf^^nrg 

^Tsf - c 


trra n»T Tm.... -rN 

IF. f^Tfe 


KHT cF ■ 


f ^5?i: -ft^f gcfo jtitwt 3 wtt ^Hrftaa f*n ttc t?tT $ 

vTcriT arnrFY -ctot t - ?rpft g 

frtt^ i 

I- t&TT 3W! urt ffcfft cPFH <tt GiCTT Tfmft $ £FPP 3TR ‘Eft 'W 

M S 

t’:- 

5F* a^frftr • - 

QT* <V’1?F| O d <1 ■ 

t[> fftTar-rfrftsr ' * - 

^If^-CT - 

. > 

2* tfr?lT<n J-H c < f 5 "1 J —iP*!>* tj’id 3»T ^TT "E^RT t.- 

qr* tflcW > - 

^VeTT * . 

tj* ?nVr 

"ET* vrl'td 

3* ^WttFfter cFt ftlR PcF=T s\TS $ ^trTT fsi^T rtlT %:- 


4* 


cji* >3ir : ^'T £f 

<3f* ^TET $f 

T]+ ^I^Tr elT^fi £f 

fWT ’fr cTffl $ “' 

^ tfftft er cFt x^ir wffc % ft-^ ^ 

cjft UPT1’ *T =f£ % *7T T3^ t* clTf^:- 


cf^ ^ ttWe r ^ ■ ■ 

& tt^rr r ft ^ '* ^ 

7j9 ‘anrT. gft asm sftfrr =t ^ T ^ ’ 

■q* O 41 ex' ^ 

., ',,-u *.>»..: Lj*im '". . . • ■■- -.7„ . ■- 
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f r,r:fr &TTT ifotftnW ^ qft TOjiart' qrt fWTTT ^T?IT %. - 

“»• V-'fT^rr sttt _ 

« 

3* f-Rpc 1 ^ foTTT _ 

T T* -,:T ^ ^ ’T^ TT fRl^ftziTft eft f^KT ^rraT 

ft f r _ 

^T* fTRT^ ft TOcT ft iff ^teff - 

cTE^t iff f-lPT^ci '3i ST IT f TT-f ^ Tft 

inrfr* t;~ 

$«• fhh = 3^!T wfri - 

ST* RTH J > vJsnT iTfl - 

* “■ ■* 

- i 1 ' ’ 1 1 

^f* ' RT^f ' * <. ‘ G^riT -^Tfl ... , . , - 

Hr* vS^'T RTH =r 3i^T TTPl - 

eRR^f* ft f# $■ $ Rirfr %: - 

t* f'# er , • '", - 

fr^40[ fgf &r ' , '■ :t- - 

T *TTrH fgf«T • /> 

HT’ vie} TIT 1 'pefrEf . ■■ - 

vrn ^r 

-- , i »- 

sttr ft fifw: ficRR^f f^n fwrqf ^t ^rtn 

TT3 t*, vTlf =ftft ^ ft | "Spft Cp5 ^1* T? nf "f 

fwr eft tzmqi$F r^it ^fe^rr cjrrf f^r T=r. 

» ^ i 


















Tfr f*.=r-TFcr vsbtvt * Psrc 5 ^ ;*t ^<£1 

■?<’ cf\-furq: _ 


rVtn^* r fl~ f Wf W*cT vlnC^'T 'W>Tf^ f ■TT=lf r -ltTrt R^edings 3TT^ 
-cr-f^ antr orci grf fdf’rr^ 3 ^rt f t^tIttc - 

nS 

^-'tT^ F rZT 4 fc^^EF EFT HTT = TWj yTTq 
-V'f'TYlTprCT 4 4 TTfT TT HTT = w 2 tjtt! 

4 fcnY^ 4 ttHY 4 <5tn eft htt = w . tj"PR 

0 __ 3 

TT g-T§>T^ T1TTTT4 = t^-. e '„■ ■ “ 

-1i?i ^ -t!trr H9TT ttYT ?ft gri^Rf ^tt^itt ■ = t 2 c 

tflTf ciqT RTYT" EFT aif-^^R cITT = T°C 

' TPft EFT HTT = 

-<5^4 <FT HTT 

x'T-TT cTF 5 cflY r^ciT^Pc: 41^-WT = 5 

tfr rt n • l! T (T t qfr fgfrrsr ^it = 0.095 • 

qT=n ®”TT ^ E4TH = 

rjKTt n Tfr ciT Eft" 3JCTT1T *T TfTH = 

^sthT tf 3*4 rfPT . ~ 

S'tTf =fT ^srTT ^Tf^ - 11 , i r 

q~T^ 3TET7T TfTM = 


s 
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_HHf_n * 

> 7^0 ^ ^ apsriT fqrrw ttt^t ^t ^r 

\JH^ «rt TOafr * ffe-s* ^TTJ f^TT 

MT„ vfHT ffc if f^-gmT trt tl tt 4 
TO flTtTT $ fV^| % ^cf if ^rfifT UTTOftl 



I I • f^ it ^ tfY TO 3 u PP° rt f^rx ^tTji^ grr=fr 

vrrfr 1 ?: - 

5* vs TT^rfrf^ ‘ _ 

Co o 

vT* =^Tr?rT T^T _ 

^T* 'LJ'IQ <. I clTcfT - 

o 

W cFTi^t^ - .. - 

3* ft.~^ TO! cfr - 

s 5 

I 2- efTe'O H^T 3f^T # f7"5cr % oft^ qft tfTffl - afc f^ryf xfta it 
^rr^fr wTfro- 

qr* f^T - 

■Sp - 

tt* - 

tp ^ arr^Pfla 'srTccf $ -■ 

3* qm arr^Ps^ ^r?ci m^r q^iaf ft - 

*1«* oHc}> HT< U TI -H P^TFpT ^ rri"Q tfft , 3Rq>< Lr T % 3 r} if P-n :: qp ; [— 

?m iT § W ^Tff^: - 

$1 jj ap^T % P®^ S°r f cif^Fe - 3^*1T ■■ . „ - 

5115 ap^T % qrr arrtPep - - 

jj I 11 jj- ap^r % qfV - 

Ep 1 % cTTt if ’ - 

ir II % WTt if - 

Tf« III % GfTi if 

i cr ii % ^Tt if , —-- 

3* | I c? ||| ^ wtP if ~ 


I 3* 
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f T^fVfl 

sr^iTTr^T 1 

i£m£ - 6 


■•rrr 

* 


MT J | —g 


xtg =fo 
fgTrtf , 


■flSr % ^TT TTWfTfcia tr ^ & 

■rt TO-.T amrgt ggft otot t sm% htr% ^ gT 

f:r-r ; w-"j oPTT^l 


'’Ts-f.’Tsrt^R *f ^lYtr^ter qff gtg yfr ^fr^T^T hh'Y %q 

» , • 

55 ■ SKIT CPTvqnm urt g*g & grff gT 5 ^g. $ g3f gt t,T^ 

g^TTclT t - 

M* ^THT OTTPT°7 Sft f^ff g*g qft* 3 TstiT TjTgT gt 

o 

^•it, %gTD*flrr gsgfciT i.- ’ — 

T I’ ^THT 3'Tqr?UT gt- fWV g*g qfT Tfef&'HFt TRT^\ 

*» 

cf^trit % : — 

g* ^t un<*-*»! gstr f^Pr gs?j % an^Pcsg gx^g gt 

^~Tt'» ^gTO cT gsgiriT t — 


;V'r1i c tT f te^ f i$*\ fcrra gT gTrarr gim t? 

•a 

■•*■• gTirr - 

vT* 'ftcR , - 

n* ^fti'T . 1 - 

g* * T^tg ' 

■%h 1 t^h^ t zr ept q“Tfgg gx3? g*gPrgT f^T t gTfg ot^t 
cjpf ^Tpg g Vh $ fgg gv^ ?t fg^T gxgT %9 
g* or^r & 

g» gTir & 

g* or^rr g gTeTT . 

t=t* fcfi^fV gxHi $f 
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I-* tt^'cTT Ps'scf ^ fc| r4>H FTTfRrf Tt - 

vT' fotT^tcTT Tt ^ W Tt° * _ 

T T' r WT«f) J-'l C vl f%T*T SFT^T $ 3? =T FTR _ 

>3 c\ 

tj* vif^TT Tt 3pT,T cfTfrr ^ TfT FRt _ 

~jiq ; t^i c tr c teT ^ ftrfr ct*h cpt 3 tftt fttht % fit fn«pr $t 
f TP^-'-lf ^ vTWFt ^ fSHT^ t: - 

$■ ap.fjftcIT _ 

H' f cRtST - 

h* , .urq- :> tott ^rn^-ptt ^ ffFrraT 

CTRIT t - 

^r- t ctttt^t rfT'Tlif toh tffr.iytft - 

Pif^ScT vffS-lT f^FTFft t ffp? f=T*HfrlP^ if ft q»t=T HT J , 1 

Troft fnsrn t 9 

■ ;i * 

cf* ftth ■= ^frt TfN - 

vJpTlT FTTH > vW^TlT FTf=T - 

TT* T?srr:T FTTH C v3^T ^TpH - 

^T- vJi'^tit FTTH ~f v5^t:T TTf =T * i -■;- 

i 

cPR^t tft fclfTR’ ^HT 'fRTTFT^T % fFTC f T^'FTfEfi *JTft 

o 

fcFFT fcjf £T 'TT TTtf t? 

T* ^tfHcF - 

H* f^Pspf —■- 

H* ^TtfHT g fH^T - 

£[* ,^RfFTf^ *ft Tff -- 


I 




















c.y :V -A f-nPrr^- ar^- r =*- f?)q r j^v, „ 

Tf i»T*?T f ^jc^xor , g /: Vf^j 
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■*iT=rr eft F<?F?r^ F^r^ ^cr 

mFt'.P^TO nr<T &,vr ^ ^ f^Fn^ 

sfft* r F^rf?n?: 

^Yrt^cr?: f FciF)^rf cft htt = m i Tir^ 

^>TfnftcTT t t qT^f" 5-T HTT= m 2 J\TR 

t F^t3cF + 'T’FfT t- ^P 1 V TTT = m 3 JIT^ 
~sy^ cft crrM 3 ^ crrq'^'PT = fc i 
qT^ft tt 5rr^f^ th= fc § p 

j , 

« 

PqW eFT vBTf^rFi rTT^ T^= T c 

CTpft cFT HTT = 

S'Yh V TTT= 


V. 
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T'pT i % YY P=fYRr v?o>f r = S 

~ t Y frfrr-e* 7^7 = §.095 

trrfr tV ir~ r Y ^ = 

Y pith = * 

gMt * ^ = 

e>b ^r 7^-IT Y nrf^ = 

q-^P GT^r ^T^T 3»^7 irF^r 


!JEL*L 

# . 

3fr Ainr o', ?hYx^fYsir ^rt ?tY arnr P^N^Psfa ft ^r ^1 

jo* Y^Yfl^cTT Y Pfjs Fsn arr^ jt^tYti 3tYY: 

r l’ * rTlVr - 

IT* TYcR - 

Ti* - 

• Hf, c^Yl T ■ 

1 j. ^Yfi^frcTT ?fY P^n Y cft t?tP^ji 
".-.■ ;jcft ?Fqfc Y 
rr« YytY erq& Y 

f 

T[»‘ ^FlY Y £cf& Y — —— 

Hf. cSfcT ?<T& Y ~—- 

12* 5 c rr cJfprF crpT^pq P^t^Y Y P^tr feYYYTft^r YY P^n 
Y P^ *r titYY rTTf^ itfn * *Yi 

■ 5 . ?jY% Y P^Y Y 
TJ»'" cftcffi Y P^Y Y 
71 •■ rJlcf Y P^ Y 
Ef.- ^=j^Y Y Ps^Y Y 
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APPENDIX B ~ 

f^qfTcl gf^^iT^Tg 

^FTa - 7 


TtH 10 


_yTn_5_ 

: 'rrl gr** 7 yTWT % ttt Ti-HTfTO ttot f%v; f x=$ Y tY 
tvvit -fPr^t :-[Tf^r swro ?tot t ttpY YYf fro¥jj v^g 

r;pT-iitl 



<-F* 

T* 

T 


^T* 


'1* f'tfYp'T 3TTT f =n=^f^ffWT fTgTTO TT fTOTFfY ufTcfT 


v£P ;M .T WTH ' = 
^■U RTH > 

vSCp I r-TTH <C 

r ¥p:~‘l HTH 9 k 


3 ^PT 'TtYT 
vJiTOT ¥TYT 
37^'T PTf^T 
3FTO ¥Tf=T 


<5at -i'I* ftfir-p t^t f topYtYto f^fer Y froTPfV Tirfr ■%*:- 

cf* ^tTnep f*4fer - 

"-T* f 7 '«PT fcjfe? - 

V TOTP fctf 3 * - . - 

"tj* ‘raf er - 


cfcjY -ft f'-Tf^e* v5®TT f PTTTfl TTO fV^Wt^T Tt TOfT ^ 
4ffr stT TOTa? ?.T¥rPT TlfTOT rvjtfTchl": - 

n>‘ ^r=rrcf cft tot ¥t - — 

Cp an^fflrfl "EfTTO TT TOT ¥t , - 

Tf. fqfrpr^ v5^PT eft TOT ¥t 

Ep ^snT Efl TtoT TT TOT ¥t . - 

TTfl* qft fafTFT ^st|T P*fT TOTtrf cfr fcjfSTTO ^5TOT $1- 

^■*. vi ^=tdP % 

5J- TO TOT % 

CH 

TJ* GfTTepT 

¥p cfT^rY Y elf EfT clMT ^ eft "I - 
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Trft :'T VJr'trz \SF T 'J tirmi t:- 

:p» • p. | - 

I? ■ I 15 - 

rj* l-f> - 

't[' ' O’ 00r - 

ftiHr e ’.v 1 1 i'Wf-Ri \-\m w^f'dw ^ ^ 
ajp'TOdT;- 

3- { c'-J'V TT itTT ^TPctt? - 

rt- -i- *i :)jr ifT Tftrr mf^ • , - 

Tf * n j ft Tft T»T ^tTT TTf&H 

E|* -I- fWt ’PT TstTT 

f\f?R *.f ■'T f-TPT^ vTO W r -fft OTT ^Tfr^:- 

•v H'Vrlfl 7 Tfl - -t 2?$ *T Fffc W 

film - • - 

‘t* i t yf Wlf T st ffaft % f?TC 3RcI ^ 

>|1 fVi Tft t: TC-%2 3Tfl=TT TTm - 

.Tj* at:i cpsfl Tt TTNt 

y?i !• yr'^rnrr f"WTr Trtin* - 

^f. tf?;i tfftf rtff T' ^ tf ^ cit^f rfiT wifn " 

~qf 'ft f^fTRT 3^'T PVRft * fW 9*™ ?T . 

^ifrfsrc :- 
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■ ■ « - « 

ijq? cfr P^ftn-T gfSTTT f aEna 5 ? ^ fas qr*$ farafafjsi 

observations 317 ^ ^ ^ 3^" P**nf3S: - 


^rrniT'TTfV 4 qrT HTT 

s W 1 

JjtH 

^T.TT’Tq^r 4 f-'c^t^cJT 4 ^ E^T HTT = ^ 

sith 

^17X17^ 4 ^ 4 

Q'fa 2 PT HTT = w 3 

^ ryr , ij-T^fT^j ■^-pT^'FT 

«3 

1 <#= 

c^tri 3 ft ^nw^r 

£ 

* 2 C 

1 - cJ>" 1 fljf 1 'Vin ^ 1 H"3^ 1H 

IMI 

T°C 
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3I2.IL 

f TcTf. if^a * fr^a airnt if trtf git: - 

I ■ c\ 

tiR lVt.i ! "tsT tt '-I i r stt cK-d ST aTTTTR tRIH 7 ! 

.f?**i it a>-fr sthtaTtt if qcc=rr Tiftnii 

stc-i ansa I.egt sit aTftai 

S3 1 1 1 O * 

clTT at: Tit Jt Rat....ETTT fa«pr gt 3Rft 

rlTT fiJMTaT aifaRI 


3l5_5_ 

f T*'if;-ir:]f! t arai afaro * stftrc- 

crrcrf ntrr ynrft avrifcr trT i‘ cjot a at af tp at t a at 

O 

go^TI at: fijfi aTtrart:- 


a nt-st i rat aat aatfr f f> 
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' VrjTT, w ft# it m TUU ftw TTfr $T 
fit 'Hhi t^i 1 9 

^ I 


:r..ffit t fnt 'lit tt 5 ! • ’tttT ?r ^ 





APP^’NDI.v 


B - 14 


284 


'Fffvpi 

^ tottot jtot . 

_frrf r 


M n'j 


40 

fS’Tfcfr 


Hpj 


- T 


in ’j -*'>'■ TTO7T i? TIT 'n^TTft^i \3TF1T ftu 4Q %“i 


\ V l 


1 “<- 


ti 


,-i» 
11 > 


^ i 


‘II Tf 1 


’ 7I -'' ^ 'TTclT t vPfrti 'ann 5^ f^T^jw^jj 


cr. (T 

■‘T 7 


r f ir*R r oro r f 4rr?Pr $ 
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SCORES FO:< DETERMINING THE RELIABILITY OF THE FINAL 
DRAFT OF THE SUMMATIVE CRITERION TEST 


Sr .No , 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
. 21 

22 

23 

24 
’■ 2 5 

' ' i*- \ * ju 1 . 




First Administration 
134 

139 
118 
109 

96 

71 

140 
112 

77 

132 

95 

132 , 

96 - ' 

12,4 

124 r* ' 

119 

103 

103 
115 

104 
122 

64 
113 
' " 61 ' 


* vA 1 .\r , - 1 i 

A*? -7 I'i'*'- - 

' ' I ' * ■ ' 


Second Administration 
135 
133 
104 
119 
115 
112 
141 
110 , 

83 
140 
85 
124 
117 ’ . 

1,26 
12 7 •; 


- - >' sJr&JF 

' J 




















( rnhWs gtWi | i ) 


?my§=B ^netn^r 





$ ■'}>''■''i, *0 > ’" 1 ! $ 


t. • 

4 * % *' 


/"> J > *? ^V" " , 

v ■*' x' •*#> ■% v*-* ^ 


\„. , . -} I,r ; 'V.'.l f” ■- 

' 1 ,f ' , , ' ' „ , 

fH sRFH-*rw <rc n at ftyfajnr 4fc.9.fr$:flRG'<i -r 

aisft w! lm, otf^JWr #*nt ?•' tfw * _ ,# '\ 


,•.✓ , -H .k,* < - ,? ' v ,lt r 

4 1 .' ' .<(. 


J?r j, 


V ’ 


•i ' ,v’-‘“ * * 




■s, ‘i’r 


i * ** 

*;p: ■■ 

* & ?"V? 1 


i » ■ 

"' ' b * ' _ , , &» y * ‘ , '* A 1 ''! l ', * 


V Wire It, nre*it t # ° ^ ^ $L : ., *$ 

• ■ . ' , i 4 T " ■ i ■ i .* 1 » . i 

-a ‘S v-n-f '!'$ t* ■ ' ' ■ 

w rtm> Wmr mrftfr, w»'» I* «* ** 


W 1 M JH f 1 wn ' n '^" -r. _ t _ , . ^ 

1 1 ncta ww vt wire, 

•« *■*"■?" * K ' k3S3ffl5W&®2 


'trww'treaT wrf^ 


* kir 









4 


APP Wfim tii 



i ! 

1? 


324 


] 


Reusable Test Booklet 

( 

| (KirifttWR gtfsta |) 



Second Edition 

(■iWta) 


ST*rf$v flisrrw flwfa* I'ftsrr 

THE GROVE GENERAL MENTAL ABILITY TEST 

(G. M. A, T.) 


qflo (T 0) jft« r^o i 

... TO?-sr^ffT «pf «THTeff r 

■■ ■.■ -rTv^ii^w^vir' 7 "^< 

1 k >' «,, ■ ii - ■ * * i 1 ' 

■ - % /• J >' * r , 


' r 1 VP ?■ J ,_ J ■ 

— v ii'.v-c .. 
■' v' ’■ ■, r-'J - 

' <, If, V 


1 . ■ 1 fr M P A ' 1 

< A 1 - 1 

1 . ',■ y \’? 

, i • ^ i-t *' 1 


_ r, 


qg *«nflw»Tft # 5T«fi t ^rpfr i ■; - , ‘ ; V, ■:■; 


t , 

i - • ' 


- * V , 1 ■' 

v / ^ «£,■ ( 
‘ ' - l/t'* " 

■*=<'■' ■ r i* <• 

t - 1 . T. *' ’ 








{) 


325,r 

iffMJ 

(tfwiwrT g 9 i) 

sraRsir jtrRi® # 3 ctt 


* * * 


fa sH*i-aa at a lit pj ftraai tftt a faaft atj ai fa^f aaiaT aif^i? i 
aa> atrtf at %aw am-a* at ?t faaar ?tan 


' > ' \ » 


/> 


£ IE v 


Sflfff ?! 


intfNw «rifci 

' i ■ 

* , • j 

: i*r-:frn# *t$& f i “ 

<• < 

So fSrftt If, wrWt * ** *wlf % ^ t* rif* 




ff-^. 


, j. 

«• tff ‘rttorT * «nwr rfft fr s*rif ft* gq w imt * svrf *> *rk fa** % 

fa*r*ff ?nnFT fan *rSfar i fn#V sm tffamr w * fair 11 sn*: *nfr* m ww, 3 *r 

’'% ■>' i .1 i. 1.1 


IWr gg 9 i a*r* * *m> s*tt *t gfr?nf |, q?n* *wr w<pr tt faspft 

1 1 Hr** inm *t sm, «wt * Iht 11 *mfw **tlf * 5* ftrwrf'f 1 #** if** # ** 

7 rtt 1 1 to wfa* *ff * i aw sr^f *r war aga ww rfur * 1 j&wffc^w tfsfrrn 

* vtw *wt wrfg* *fa* * wfaw srctf *r %?tt wrfg* 1 *pts; *f| sr^jniwttffa* 
*fen wrarw *rl r rft a* rftw* * wfa* t*nr w? wer wffc* 1 a* hit* srssff *r wyrc flfat 1 

'■ * t • 1 , ; / j. „t«F , * t ', f 

qRt hwt * *t, rft N* i 


\ yjfl- iS~ r i 


^nr^vr tt* Hrjrr f*** ht Ttr^: far*HT *ttt*h %rn|t 

rftfa* 1 


WfTH XP?T* f H^-'TT TT *T^t f?T*fTr | ^ftT ?r |?r f*?fr ?TT? ST-* j^ 

w«rr»rr I i. v r; /*;’ 

;■ , -. 5 :* v . ■ ■■’■■* \&i ''.V^ ^ ‘ ’ * . V. 

s vim <wn ^‘5#S»-W J 


L f-J ^trt > . \ 

n‘f fcl 



wwmt % faq gtefrqi 



Titer Sf ftm mat * sot S* f, -*% tenter <W ft* mj f i nH S n * 
sm* # ***** ft ft* nil f i f*fc j* *k *fr run | t ftmfc *** *m «ni whit 

*n* wr yr iw> *f$x Hi i 

« 'q*&’ WT V* MO (0 4OT (I) «f*l l*. nC^T 

I- *swm' w wS |—(0 (t) *gsu (t) *iif (0 tg** 

*• 'wfW www MO <0 (0 <*) imwk 

* ‘Trwr’ www MO *nf (0 srwi (0 %** 00 xm 

K. I un f...i tn *r*nmf * w* fc Wflirc <mt *ft q* wwt ***** «rr ftrot i 
V u M t> i*..i firtwamf % «w % wjirtt w^fft rtarr «*t** «tt ftrwt 1 
*■ ■(<) giR (OiHr (Oww (Ojpji W jw*“W *rt* wfl if fc flwqn *nft 
**f ft JJ* ** *$f 11 

t 

•■ ID urn W^ft Wrftn Mnm W*lri'*"* 
wr *1 ft $q tonnfl 1 1 

*• i* 'ffrftft' wfc I ft —(0 ^ |R *w% R imfr writ 1 1 ( 0 wff 

■ lift | 1 «) nwft iftift 1 1 

«•• 'sum' tetewwrwqwftiM. «**-(«) ^ |*f jpr w terf ft wwr $ i 
M «n «q} <Bt term 1 1 W * mr wi? ftnmi 1 1 

It- lit* wwt*q* «ifar % It | 1 m ftr # w%ft ifK Hr 1t fl* *ft w*' titx $1 
nt***^? (i) &) tm (Dfw? 

It. *Hn * ws *t*i Hr jwt *n **w % tHi *|*r Hr f*rr *r 1 «ft *m*> wtf * urt 
(0 irc??r (Ourflw (Ox^w 

n« wt*iw i rftwT:; mcr: (0 ift| (0 gtr (0 nrw 00 *fi 
1 *. *iA: ; i : (0 wrow (0 WTm (0 tfn < v ) i*m • 

m|» te|ff 


w «rttw to % qf?tr w<r^ wft i*w^ m iftfW 1 




! 


' , H 

328 


l [<?«'] 


i, mj 1 w (t) Jim (!) fwsnn (*) M i* 

<i. iqfta' ««i (t—(!) wsrf (!) we (!) (jrc ^ 3 ^^ 

v ifjfgqi’ mn-«in* tfl* *«fw & !!"—(!) * ^ <!**!!) $ I (’) % HI'S iftat i I 

(!) * fsff ft *rat % 1 

v. mvi t-(0 <l) Wit W M ^ 

it. u Ut M U">i t* riwwl % % * 3 *n* V* 'tt fa«ft i 

V 'HHK! r *» W MO wm (D *W (0 WWW (<> WtTWT 
,, , M H V V-.iWthwIMt t 

«, <*rwirf' w «w MO ijtfimtTt 10 $^?n (0 (*) fxif 

t. * * t tt U t«».i mitawrl % m % <^rc qvflwt *«w Tm\ • 
t«. WW*T : fiflWU : : W»£ t (0 WW (0 (0 WCTl 00 WT*T 

u. U t* n tt U i-.lf*«wroY% W lr ^ * w ^ w ^ 1 

JV *r fW! t—(0 falTWT (0 W*«f (0 *I?3 M 

tv (t) jttx U) w*fa*t (0 sttw 00 mt W twmqM* ** * % ^ 

ittf *\i\ % sn I * 

tv, * tt tt IK...ivr itantttto im If wj«k w*tqvtlwt w-w«nt faw> 1 

w. (t) rftircft (0 n>n«Rt (0 iritfoiift 09 tfm 00 wjm—** ^ ”** * * 

ftam witf *ref ft fit »nff 1i 

tv *» «* I—(«) wti|T (0 fitwft (*) f$wat ( v ) «?i*t 

l». (!) ^R! (D qrtCT! (!) m«R! CO T?*T (*) Wn*f ^ " * 

fntfi *nft vrtl & S3 sf^t 11 
t«. t 1 V *5 II 

!i; (!) gra (!) vm (!) wfw (*) WsN-!" *» wfl * «"*««*' »’* 

I 5?| | t 

H«. »ftpT ^ xn ^wi | \ fwm % mti 1 1 (ft «wt» wvw % ? 

(t) (^) flR TH (^) 

[jwf tt % ^ (tpro) wt wtiflBWlfW'] 



f 




& 3 2 9 

* [ptt] 

„. (t) mvfi <i>** O'^l r * BW "* 

«ref ft **t ft* *# t» ^ „ v ' x , r _ 

U. : *fl| : : t|T0 ; (t) IWf M U) ( > 3^ 

n. m ,4ww*t-u) fiirmt Wwi** («w?n« l '‘ )r * WT 
v. mmtt .«««11 «mf < (*> ir* (,) WTOr (,) ^ m f * 
u. W t) «lf (Dltf «)*l»f W*»» 

; - im«T . M) nqffT fa) nfmi?rc (l) 9^RR (*) if*" 1 

«. w «**■■■• ,* «« * * r«« 

t*. < X ) fajt (DIWT («,feW 

mAwer*antik«#<i *»• * r ^ , ;| * «,,* mv ^ I. ? 

,.. **«««*«■*««: • 3*£*JfgJ fcVS<»;*«* 

.. .» a_ », awnr ai* •»,«* <*TO ««VW n '"*> 1 

„. ssa#stet,^«—" 

„. . * n n H 

«• W : WWl : : *t« : «> k 

«. JST.’Sl'.« onft » «> «■*»] 

«•* ^ * <*««•* - ?j 

«|A ( ftr-(l) S^T miff ^ Ip S* « TO ’ ' ”' *» V . 

mm «m W> *m I' (,) *■" ; 

* **=■ : -v *%**£ *«**•»« 

** * tw *** *** *’ ** ( t ), TT ^ (fi)TWI 6)-l"W 

n. (t) wftaro (*) gmfara (i)wwlwww ( v) ^ ■*«•■ 

*« 11 **■* ,T *t*.- vft.im, dr 


Tiwf ftft r^fWTT .T.I « 9. n V a *_ -5V- A, BT I nf> 

*•> wm ft Mm +* |»wr > P Of "«t 1 ^ (t) 

_ 11 i' "' uu)| yfj f lflf*f** T ^ 


ftoHt 


[^n v? ft i5" ^ «ir.ft < (^) 1 


1 • 4 ,,P ■ fc - ‘ i* 

. . -' ^ .'.'■•'f/iW' , 



mo 


H [atari] 

vt. vs xs vx W vrtfwwffc «w% tfqxtfwt «re«<m <rc fiwft i 

vv (t) rnn (?) m* (?) ^5 ( Y > f m (?) f*#”?* ** «*» * * ^ «* 

% PI *w t > 

y^. ^ \ x q t? Hwwf % w*i % wgwt flfilrsflri?* fwai w-«rsr qt ftnr i 

yy, tth *r not wro & ^ mm $1 m* m m § <rt$ mm fc \ M*i m 

mm 1 1 {«) wm<?) *m(?) 

vx. q*n J |?l : : SfttfT s (0 qgsti (?) sfqi (?) an*N» (*) ^jtet 
vs «qjh' m wx m% % mm mm |, x$ ?« w? m*& | flu—(0 «?n% % fat) 

wt{ «usft 1 1 (?) fafft «r?g *) tot *x $ mw\ m t fa 
*$ m % i n) *k *> «nct«% q*fa warn m &ft mf$ \ 
v». ^qn: tfom: i ftmx i (0 tot$ k)?towrc (1 *)f([wfti(*)$WTC 
*«. 'trftsmT *' to t—Ct) gqft (*%> wgr (?) wwft ( v ) 
vt. qtfn : g?r i i sqif^Sni: (0«raf (0*rw (?)?ftfr ( v ><mt 
Up. ‘qv tar « fct xft xpwft wt$ qtft mf^ w mtm f*p—(t) qq% wgroi wk Hm % 
wtoirt 3 gfasn $teft | i (?) **% wintt m* $mx % t c^> ww 

q*i«it m *p*r m ft mm f \ 
xt. «t MO in (?) gw (?) mmx (*) fatfa 
m. <0 war <%) j#'W ^ Wsftwr (0 ^«r-w««»* *«"« ^ 

l» jq n^f| i 

m. 'qn 1 w ^ tHt) gront (^« &n (t) a%tn: k) awjT 

sv. i u tv ^ ^R..-t t»t immf ^ mtt ^ qw rffm <»nT-^r ftrift i 

x*. *?«f xtt xtx^ % $ xtx Ixmx mim x^’ pt v\m Tv—(t) ^ % fWf 

xrfqxi sncff qst rq’arx: q5T f i (^) ?^f sta ita flpt «rfqv 

11 (^) ^h-siIet $*&( % ^ p?rT sqft |» 

fq^fr w to MO fq^nw (0 wtt (?) q?mr t v ) ^ffkRr 

X^S. VIT j qiq> : : ^ : (t) (?) (?) qt? (0 ^qtT 

x«. \x ?v ^ tt ts t?-..i txwwwff * wx % qgmt mitqt x**(wT^* , < , t it hurt i 

U. ! ^flqif : : ^q^T { (t) <x) fqqif (?) q^HT (0 X\n 

v*. (t) q| (?) ?sq|T (?) (v) tj^’q (?) qsq-^r <rtx wwfl *f Ir fq«%t mtf xn!T » 

gq ^t« xft 11 _ 

[m \ \ % fxti ?« v (^tn) qqq «x | iftwm % mfx& i] 


MmemkjLA* 


ft* 


::pt Oinn$ (*)tftfi o>srm wfft^ 

" W *WBW (ft)#imv {l>n^t ( V J t*} sft w«rf ft ft ftrffVT 

*t«ft wflf ft g*t ftw *$f f i \ 

M ^ ^ ^ m*: % 

11 t’U <TfRT sft *rta iftsr $ ^r stint vtch $1 (u«$ *tsaft 

*vk *rs# ft? *rr wtftji , , , 

tY * St s* ss SI U t^.i nr ft *gint*Tftffts*irfn^ 

t st. T*rr ft! j% Mfr ft vmt $ ♦ |% ft tfhn mfnrt ft ft i ftftt ft*t ji* mftnft ft w«* ( i 
** wsft *W> ftk | ? (!) to (s, (^ tfat CO cnfM' | " 


m. ^ w $~(t) smt W <rta<TT (u f^rr^T 00 *t*t , 

w- t * !* t* U H...t«*ft*mrtft nr % *gn* rrift ifl tyr dWr swt-«m <rr fertfti 
**■ ft* *wft ft it*«*> w»*re<ffww tft|fft—(t) int tirimm $ I 

<*/ mfe qftrinfr am 

^ Ift l i;j[t' ,J ,-‘ 3 Jf‘v'^ 'i'°y ", T ■»',! # . " &f$K v •>?.■ 

H* 0) ft* (i) wUr 0) aftn Wlirfi^flftft % ft"&st*r 
writ ft ft* *$ $ < . 

'•«». s* st t% tft V «r.,i *w ftiunfl ft nr ftwgirtr <rt fftwt.i 

*Jt» ft# ft ftftfft ftNr | r itfftft.ft «mr *fftvlft*T1 1 rofftrorft nft wftwrnr «rMr*| i 

.*■ *m *** *&»* t * ( ? t <3) ftfroftW ff^ll ,(*)nfRft -■; H 

**• ‘mm 1 *» ** I— j (*) raft (\) fTO^t fv f^k<W:W^. . ..„. * ;i V 
*V 4t : atn : : : M) «f^n (^?*'•: «?vts'- d‘«* 

'•v. (t) inn (^) grt (*) smw C lf > fffftsn (^) fftgpi—istft^fftftw ifta 
wntf ft gw ft« s^l 11 

«X. wftn w«fT n« |<nf m S ws wft tstfts—- ^ 7 .* v 

(0 ^ ft$a ^Tft ftsift srift ft i (i) T*rft vei-g^ ftf?r *rp j 

(M gv IT5SIT ** ^IHT «»T t . . " 

S»V fftir : : ( f > U) f?TftT iv iWTlfw ( y ) 

v*. t| tv* ** t« ts u -'i is ftwitfl ft ** ft wgwiT «rr?r ss fftl> « 

(l) sftft C*0 q^t (Owt’C^W^ J ^) 

ft 5W ft*» s|f ft i V ,5V ' ’*-' ft - : .' ’ m 

S»t. l w? (t) ^or (s) (l)it^T^ C*) ftSSlT • = .j t .*,■ 

«*. nr ftwftwt ^ sr «wt wm fft gftn ft ?wtT| i rrrft^^ftrt^ft i#fl 

nrft |, w| 5<S5T ( i ift ^!^.s? ^OT y ftf^L 

(0 |f>w :<V^si 


[am «t ft fftft, swri iw srt ftfftft m ft 


m vt ftfftft gn ft (5*swt) r ; 

>'r V ' 4 '■ 1 ? " > ' J ! , i- 




IV 


k [ftforfj 

«*. » « ft 1% ?? ??-»t rrwpiTtffft m ft wjmt trtft 

M. t JR? J : g*ftt ; (0 anrt (?) ftnsi (?) p 00 ?tgfaqt 

«v i «c^«* w«<|-(0yci (?) fair 0) ft^jctr 00 ^ 

*v. ffnK ft nfoft gffcut isfaft <1 wnfV $ IV—(t> tfsttrosl ftft fft«sn*T fan i 
(?) ft *rc**ra snfa *t an afc \ (?) n*S 3 r fasft ft ^ ft 
ftrojf ft to n rf i 

*fH. *$&) : qgift : ; : (0 Jtfr (?) faSWT (?) f3T (0 p 

n\ ^ i( |« H ? v ?V-*i RftwwH aw ft «rgm* mft *ft q* wot 3wr-*nr qt fWv r 
*<*. (0 (?) ftptnf (?) $mt (0 t?rr (?) *ta an?ft ft f*n«r 

*rift wit & yet ftra *r# |» 

w. *rw«t—(?) <f«n (?) TR (?) TOTf^ (0 

«i» : p i *. pc : (?) w (?) firatft (?) *mc (0 wB^arr 

t*. (?) g*«ft (?) *p (?) tfsfa? 00 nfaft (?) ft fft«w 

. *HH wrtf ft p Vi w# 11 

4t *c*r i {‘2 ;: qftar j (?) fa«cT$ (?) <?e«rc (?) $fVrrc (*) gar 
4?- (?) wrr (?) INn (?) wi*T M gftm (?) formpr-w **v «wfl ft ft 

fftiw ft p ftw 1* 

It *rc wfft ^ «ifaf ft 4$ 1 1 %r ft vff»ft ifa tf*wr fat? *mn wtf iftt wi? fer 

*fr|ft ^fVi % wftf f%rtr <rt Vhr 5?*rr ? 

(?) (?)#w$t (?)«m (Owe? 

U, v# v t? I ?* ?*.-.i fwifcwmf ft w* ft wgint *nft nft q* *Vrt «!tt*w qt ftr«rt i 

4? 'mifV w ** I—(?) $:« (?) site (?) ftWTWft (0 w? 

4?- f^wiT j sW j i y«w: (?) mi i?)p[ (?) TO?tfnm 00 m?r 
!•. «wH0 *rsn$=r (?) (?) toft ( y ) 

ie. (0 rf)«[ (?)g^T (?)OT ( y )5?fR-C?) *rtw WWfl ft ft ftrHwn *u» 

ft m ftw *$ 11 

4i ? ? ^ v n -.i rrftwuftft *w fftifti 

?*>«■ v, 5f t ft, €f| ?ftt w?wwf11 if 1 

(?) ftf (?)«r (?)ft ( y )ft 

■*— *i i , m w i i^ h i. f i m ^^ummp x m w . p»i i ■ > ■-.»■- ...•% Wi 

«rfk fwn ^ if? swell »ft f?nrift I 






















































































APPENDIX F - 1 


336 


matched groups on the basis OF INTELLIGENCE scores 
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40 

26 

62 

116 


39 

39 

39 

9 

53 

127 


38 

38 

39 

14 

57 

99 


38 

38 

38 

3 

69 

114 


38 

38 

3B 

30 

46 

100 


38 

37 

37 

28 

66 

104 


37 

37 

37 

33 

58 

106 

. 

36 

36 

36 

16 

79 

98 


36 

36 

35 

21 

56 

107 


35 

34 

34 

4 

51 

112 


33 

33 

33 

27 

50 

122 


32 

32 

32 

6 

59 

120 


30 

30 

30 

5 

60 

130 


29 

29 

30 

23 

63 

121 


29 

29 

29 

6 

49 

109 


28 

2 8 

28 

CM 

' 55 

125 


28 

28 

28 

39 

64 

138 


27 

26 

25 

19 

49 

140 


25 

25 

25 

7 

85 

132 


25 

25 

24 

25 

87 

128 


24 

24 

2,2 ‘ 

, .J 

2 

75 

105 


24 

24 


20 

61 

123 


21 

24 

• 

i 1 

41 

44 

132 


17 

'll 

2Q 

32 

45 

152 


17 

17, 

18 


1054 

1054 

‘ 1054 ' 
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appendix g - i 



PRETEST AND POSTTEST (IMMEDIATE,TWO WEEKS AND SIX WEEKS) 
SCORES OF KELLER,BLOOM AND CONTROL GROUPS 


_ _KELLER 

GROUP 


BLOOM GROUP 


CONTROL 

GROUP 


l'ri; - 
tC-St 

1 mme - 
dints 

TVro 
Wee ks 

Six 

Weeks 

Pre- 

Test 

Imme¬ 

diate 

Two Six Pre- 
Weeks Weeks Tfest 

Imme¬ 

diate 

Two 
Wee ks 

Six 

Weeks 

n 

146 

137 

142 

80 

134 

134 

135 

73 

127 

129 

133 

S3 

102 

105 

125 

85 

134 

139. 

133 

60 

94 

105 

99 

<i L :, 

115 

108 

122 

52 

129 

118 

104 

63 

99 

96 

102 

ofc 

73 

63 

03 

52 

107 

109 

119 

28 

78 

86 

89 

t,' 

125 

124 

122 

53 

94 

96 

115 

52 

96 

92 

86 

S3 

106 

104 

114 

50 

72 

71 

112 

39 

60 

79 

6n 

S3 

83 

84 

103 

60 

143 

140 

141 

41 

79 

73 

72 

41 

83 

95 

94 

73 

125 

112 

131 

66 

112 

98 

98 

43 

83 

70 

77 

62 

100 

77 

83 

66 

100 

105 

105 

44 

73 

75 

91 

71 

137 

132 

140 

54 

82 

99 

86 

42 

104 

107 

104 

49 

110 

95 

135 

61 

95 

98 

107 

46 

113 

131 

114 

54 

116 

132 

124 

46 

49 

56 

69 

41 

66 

94 

89 

58 

95 

96 

117 

54 

77 

80 

84 

51 

126 

116 

129 

61 

115 

124 

126 

53 

64 

63 

78 

56 

74 

83 

120 

63 

116 

124 

127 

40 

54 

52 

54 

60 

115 

105 

97 

60 

87 

119 

122 

63 

104 

106 

99 

37 

65 

60 

74 

67 

97 

103 

114 

35 

41 

44 

54 

53 

99 

91 

97 

52 

108 

103 

108 

40 

87 

72 

106 

38 

50 

61 

74 

58 

104 

115 

114 

39 

58 

72 

73 

42 

56 

63 

58 

61 

84 

104 

85 

34 

46 

71 

53 

51 

99 

81 

03 

82 

142 

122 

127 

44 

70 

64 

77 

48 

75 

99 

98 

53 

75 

64 

97 

53 

63 

74 

84 

43 

95 

i 

83 

92 

76 

102 

113 

121 

58 

78 

92 

85 

48 

88 

87 

95 

48 

62 

61 

116 

66 

76 

99 

97 

54 

111 

105 

108 

41 

85 

78 

83 

42 

72 

81 

64 

1233 

2333 

2331 

2505 

1521 

2673 

2681 

2929 

1270 

1969 

20B6 

2114 


